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Abstract 
T h e r h o d i u m ( I I ) rad ica l o f m^ j -o - te t rames i t y l po rphy r i n ( t m p ) has been 
synthes ized success fu l l y b y a m o d i f i e d m e t h o d o f pho to l ys i s o f R h ( t m p ) M e under 
anaerobic cond i t i ons . A n o v e l ac t i va t i on o f a l ipha t i c , uns t ra ined ca rbon -ca rbon bonds o f 
n i t r ox i des and ketones b y R h ( t m p ) has been observed. P r e l i m i n a r y mechan is t i c studies 
i n c l u d i n g s te reochemica l aspects o f the ac t i va t i on o f n i t r ox ides have been car r ied out . 
M o r e o v e r , a l k y l exchange react ions be tween a l k y l r h o d i u m ( I I I ) comp lexes o f 
oc tach lo romeso - te t r ak i s (p - / e r r - bu t y l pheny l ) po rphy r i n (bocp) and meso-




反應合成了相應的卩卜啉二價铑自由基[RKH) tmp] ° 一系列脂肪族無支鏈的氮氧 




[R l i ( I I ) top]之間的院基交換反應。 
ix 
Chapter 1 General Introduction 
1.1 Carbon-Carbon Bond Activation (CCA) by Transition Metal 
Complexes 
A c t i v a t i o n o f ine r t c h e m i c a l bonds b y t r ans i t i on m e t a l c o m p l e x e s is o f 
f u n d a m e n t a l i m p o r t a n c e i n basic chem ica l research w i t h po ten t i a l app l i ca t ions i n 
c h e m i c a l i ndus t r y . I n the past decades, va r ious iner t chem ica l bonds i n c l u d i n g C - H bonds 
have been success fu l l y ac t i va ted b y t rans i t i on -me ta l c o m p l e x e s / One o f the m o s t 
c h a l l e n g i n g c h e m i c a l bonds to be ac t i va ted is the ca rbon -ca rbon bond . T h e t r ad i t i ona l 
m e t h o d i n ac t i va t i ng C - C bonds requi res v e r y h i g h tempera tu re ( i .e. > 500 ° C ) and 
heterogeneous catalysts. T h e c leavage process, h o w e v e r is no t select ive. i The re fo re , the 
d e v e l o p m e n t o f m i l d and e f f i c i en t me thods f o r se lect ive c leavage o f ca rbon -ca rbon bonds 
espec ia l l y i n homogeneous m e d i a b y t r ans i t i on m e t a l comp lexes has been v e r y 
c h a l l e n g i n g . 
T h e po ten t i a l app l i ca t i on o f ca rbon-ca rbon b o n d ac t i va t i on i f made ca ta ly t i c m a y 
p r o v i d e m o r e energy e f f i c i en t p e t r o l e u m re f i ne ry processes.]® M o r e o v e r , the 
d e p o l y m e r i z a t i o n o f synthet ic p o l y m e r waste i n to l o w e r , b iodegradab le h y d r o c a r b o n 
f ragments b y C C A w o u l d con t r ibu te an e n v i r o n m e n t a l l y b e n i g n process.^^ 
1.1.1 Kinetic and Thermodynamic Considerations in CCA 
U n t i l n o w , examples o f ca rbon-ca rbon b o n d ac t i va t i on are less f r equen t l y 
observed and f ewe r t han those i n ca rbon -hyd rogen b o n d ac t i va t i on f o r h y d r o c a r b o n 
substrates. i，2 There are several factors that f a v o r C - H b o n d ac t i va t i on over C - C b o n d 
ac t i va t ion . T h i s issue can be cons idered b o t h k i ne t i ca l l y and t h e r m o d y n a m i c a l l y . 
1 
T h e k i n e t i c bar r ie r f o r the ac t i va t i on o f C - C b o n d is h i ghe r t h a n tha t o f C - H bond . 
A C - C b o n d is usua l l y su r rounded b y hyd rogens or o ther he te roa toms such that the C - C 
b o n d is s te r i ca l l y less accessib le u p o n approached b y a t r ans i t i on m e t a l center due to 
2 
repu ls i ve ster ic i n te rac t i on o f the l igands w i t h the reagents. 
T h o u g h C C A is k i n e t i c a l l y un favo rab le ove r C - H b o n d ac t i va t i on , i t is h o w e v e r , 
t h e r m o d y n a m i c a l l y possible」，� Genera l l y , a C - C b o n d ( B D E 二 85 k c a l m o r V ^ is 
s t ronger t h a n the n o r m a l M - C b o n d ( B D E = 60 - 70 kca lmo l ' ^ f o r & 3 ' 」 r o w s 
t r ans i t i on meta ls ) . T h e energy ga ined b y f o r m a t i o n o f t w o M - C bonds is greater t han 
that o f a s ing le C - C b o n d ( i .e. M + C - C ^ C - M - C ) . T h e process is m u c h m o r e 
e x o t h e r m i c f o r second o r t h i r d r o w t r ans i t i on meta ls (e.g. R h , I r ) w h i c h possess h ighe r 
n u c l e o p h i l i c i t y and st ronger b a c k b o n d i n g to s tab i l i ze the M - C bond.〗。Apart f r o m 
cons ide r i ng the en tha lpy change, A G and AS m a y also a f fec t the f eas ib i l i t y o f C C A (i .e. 
A G 二 A H - T A S ) . P resumab ly , the AS t e r m o f the C C A is m o r e or less equa l to zero since 
i t is a k i n d o f t w o to t w o react ions. Thus , the d r i v i n g fo rce f o r the C C A m a y m a i n l y 
depend o n the A H t e r m ? ^ Fu r the rmore , energy ga in f r o m r e l i e f o f r i n g s t ra in or 
a roma t i za t i on also fac i l i ta tes C - C b o n d cleavage."^ T h e f o l l o w i n g sec t ion p r o v i d e s a shor t 
r e v i e w o f the examp les o f C C A . 
2 
1.1.2 C-C Bond Activation in Strained System 
Cassar a n d H a l p e r n i n t r o d u c e d an i m p o r t a n t ea r l y e x a m p l e o f C - C b o n d 
a c t i v a t i o n i n a seve r l y s t ra ined system.^ [ R h ( C O ) 2 C l ] 2 u n d e r w e n t i n s e r t i o n i n t o the 
s t ra ined C - C b o n d o f a f o u r - m e m b e r e d r i n g o f cubane b y o x i d a t i v e a d d i t i o n ( S c h e m e 1.1). 
+ 2 [Rh (CO)2CI ]2 = 3 ， 4 0 0 C , ^ 
^ 1。h O C ' R 。 / o 
L CI 」4 
90% 
Scheme 1.1 CCA of cubane with [Rh(C〇)2CI]2 
C y c l o p r o p a n e s a lso reac ted w i t h [Pt (C2H4)Cl2]2 t o f o r m the t e t r amer i c 
p l a t i n a ( I V ) c y l c o b u t a n e s . Subsequent a d d i t i o n o f n i t r o g e n dono rs p r o v i d e d the m o n o m e r 
i n g o o d y i e l d ( S c h e m e 1.2).^ 
R EtoO, reflux [ C I 、 / \ R ] i 八R 
[{Pt(C2H4)Cl2}2] + 人 P A , L > V A 
/ \ 3h C|Z ^ 4 few mm. 
R 二 Ph 90% 60% 
L = Pyridine 
Scheme 1.2 Insertion of Pt(ll) into C-C bonds by cyclopropanes 
O t h e r recen t examp les o f s t ra in r e l i e f i n c l u d e the o x i d a t i v e a d d i t i o n o f 
b i p h e n y l e n e i n t o m e t a l c o m p l e x e s , such as N i ( 0 ) , Pd (0 ) , P t (0 ) , C o ( 0 ) and I r ( I ) 7 F o r 
e x a m p l e , E i s c h et al . r epo r ted tha t the e lec t ron r i che r n i c k e l c o m p l e x e s u n d e r w e n t f u r t he r 
o x i d a t i v e a d d i t i o n w i t h b i p h e n y l e n e ( i .e. [N i (Ph3P)4 ] < [N i (C2H4)(Ph3P)4] < [N i (E t3P)4 ] ) . 
T h e resu l ts suggested tha t h i ghe r e l ec t ron dens i t y o n the m e t a l center p r o m o t e d the C - C 
3 
b o n d c leavage (Scheme T h e C C A process becomes feas ib le because o f the 
energy ga ined f r o m st ra in r e l i e f and b y the f o r m a t i o n o f t w o s t rong M-Caryi bonds ( B D E 
二〜90 kcalmori) . i5 
f V f ^ + Ni(PEt3)4 Et20’0。C，18h’ r y ^ + 2PEt3 
Et3pz、PEt3 
82% 
Scheme 1.3 Cleavage of biphenylene by Ni(0) complexes 
I n add i t i on , Swe iga r t et al. also repor ted i n the C C A o f b i pheny lene w i t h 
Pt(PPh3)2 to y i e l d P t ( I I ) comp lexes (b ipheny l )Pt (PPh3)2 (Scheme 1 .4)7' T h i s C C A was 
fac i l i t a ted b y c o o r d i n a t i o n o f the e lec t roph i l i c f ragmen t M n ( C 0 ) 3 + to one o f the a romat i c 
r ings i n l o w e r i n g the e lec t ron dens i ty o f the ca rbon -ca rbon bond . 
+(〇C)3Mn +(0C)3Mn 
r ^ ' Y ^ ^ P t ( P P h 3 ) 2 ( C 2 H 4 ) 1 r j i ) + C2H4 
CH2CI2, r.t., < 1 min 
Ph3P^ PPh3 
98% 
Scheme 1.4 Cleavage of biphenylene by Pt(0) complexes 
1.1.3 C-C Bond Activation Driven by Aromatization 
T h e ac t i va t i on o f ca rbon-ca rbon b o n d c o u l d also be d r i v e n b y a romat i za t ion . M o s t 
examples b e l o n g to the f o r m a t i o n o f a romat ic m e t a l - c y c l o p e n t a d i e n y l f ragments . The 
1,1 -d i a l ky l - d i subs t i t u t ed sp i ro cyc lopentad ienes unde rwen t c leavage i n b o i l i n g benzene 
4 
b y Fe2(CO)9. A f t e r the b o n d ac t iva t ion o n the sp i ro-carbon, 7 i -cyc lcopentad ieny l -a-
a l k y l c a r b o n y l i r o n c o m p l e x was f o r m e d (Scheme 1.5). 
1.5h / J 
Fe(C0)3 (C0)2Fe , 
50% 90% 
Scheme 1.5 Cleavage of C-C bond in tricarbonyliron complexes of 1,1 -dialkyl-substituted 
spiro cyclopentadienes 
Green et al. had also repor ted a s imi la r m o l y b d e n u m system. The C C A occur red 
v i a a revers ib le meta l - to - r ing transfer o f an e thy l g roup to y i e l d a free coord ina t ion site 
o n the m o l y b d e n u m center b y ch lo r ide abstract ion (Scheme 1.6).^ 
H 
欲 / E t pr3, toluene ^ ^ P ^ s TIPFa, a c e t o n e . 欲 
60% 30% 
PR3 = PEta, PMeaPh, PMePh? 
Scheme 1.6 CCA by metal-to-ring transfer of an ethyl group 
1.1.4 C-C Bond Activation of Carbonyl Compounds 
The act iva t ion o f C - C b o n d adjacent to a carbony l g roup was demonstrated b y 
Suggs. 10 [ {Rh(C2H4)2Cl}2 ] inserted in to the a - k e t o C - C b o n d o f 8 - q u i n o l i n y l a l k y l 
ketones. The cleavage process was fac i l i ta ted b y the p re -coord ina t ion o f the qu io l ine 
n i t rogen (Scheme 1.7). 10 
5 
r r ^ [ r^r^ ] O O T ^ 
T 80 5h I CeHg, 80 C l - R h - C . 
O l ~ K n — — 丨 • ^O 
广 〇 ^ \ 0 few min py R 。 
> 90% 
Scheme 1.7 Reaction of 8-quinolinyl alkyl ketones with [{Rh(C2H4)2CI}2] 
I t o et al. repor ted that the c leavage o f the C - C b o n d i n c y c l i c a l ipha t i c ketones 
w i t h s to i ch iome t r i c amoun t o f [Rh(PPh3)3Cl ] by exc lus ive ac t i va t i on o f the less 
subst i tu ted C - C b o n d a to a ca rbony l group. The c leavage process ( i .e. deca rbony la t i on ) 
was accomp l i shed b y the inse r t i on o f r h o d i u m in to the a - b o n d , ex t rus ion o f the ca rbony l 
g roup and reduc t i ve e l im ina t i on . A l t h o u g h the f i n a l p roduc t was a m o r e s t ra ined r i n g 
c o m p o u n d , the process was s t i l l poss ib le because the h i g h l y stable r h o d i u m ca rbony l 
c o m p l e x , ana logous to V a s k a ' s c o m p l e x , was f o r m e d c o n c o m i t a n t l y (Scheme 1.8).^^ 
〇 「 〇 CO -
r v f Rhci(PPh3)3 ^ ^ _ _ _ f ^ h c i u . , ^ . r ^ 
toluene, reflux, 41 h i i RhCILp I J _ _ | 
T 丫 T 99% 
Ph L f^h 」 Ph 
+ 
Rh(C〇)CI(PPh3)2 
Scheme 1.8 The Rh-mediated decarbonylation of ketones 
I n add i t ion , the c leavage process c o m b i n e d w i t h hyd rogeno lys i s demonst ra ted an 
impo r tan t examp le o f ca ta ly t ic C C A i n cyc l i c ketones. The R h ( I ) cata lyst was f o r m e d in 
situ f r o m 0.05 equ iva len t [ (cod)RhCl]2 and 0.12 equ iva len t dppe ( cod = 1,5-
cyc looctad iene, dppe = l , 2 -b i s (d ipheny lphosph ino )e thane) . T h e ca ta ly t i c C C A then 
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occu r red i n a h y d r o g e n atmosphere. A d d i t i o n o f h y d r o g e n to f o r m t w o C - H bonds 
together w i t h the r e l i e f o f s t ra in o f the cyc lobu tanone r i n g b o t h c o n t r i b u t e d l a rge l y to the 
d r i v i n g fo rce o f th i s ca ta ly t i c reac t i on (Scheme 1 . 9 ) . ” 
O 
[(cod)RhCI]2 - dppe, toluene r ^ ^ H 
P h O - ^ 5 0 atm H2, 140 42 h P h O \ z 、 ， 
^ ^ Me 
〜80% 
Scheme 1.9 Rh-catalysed hydrogenolysis of the CCA 
Besides, Jun et al . repor ted that uns t ra ined c a r b o n y l c o m p o u n d also u n d e r w e n t 
C C A b y an exchange reac t i on o f an a l k y l g roup o f uns t ra ined ketones to o ther a l l y l i c 
a l k y l s (Scheme 1 . 1 0 ) / ^ T h e process occu red b y a series o f p roposed react ions. T h e 
k e t i m i n e w a s f o r m e d in situ b y the condensat ion o f benzy lace tone and 1-hexene. T h e C -
C b o n d o f the k e t i m i n e w a s t hen c leavaged b y Rh(PPh3)3Cl t o g i v e an ( i m i n o a c y l ) -
r h o d i u m ( I I I ) p h e n e t h y l w h i c h u n d e r w e n t p - h y d r i d e e l i m i n a t i o n at the p h e n y l e t h y l g roup 
to p r o v i d e ( i m i n o a c y l ) - r h o d i u m ( I I I ) h y d r i d e and styrene. T h e ( i m i n o a c y l ) - r h o d i u m ( I I I ) 
h y d r i d e was inser ted i n to 1-hexene to f o r m an ( i m i n o a c y l ) - r h o d i u m ( I I I ) h e x y l and 
subsequent ly u n d e r w e n t P -hyd r ide e l i m i n a t i o n to y i e l d another k e t i m i n e w i t h 
regenera t ion o f the cata lyst , 2 -am ino -3 -p i co l i ne . F i n a l l y , the k e t i m i n e w a s h y d r o l y z e d 
w i t h H 2 O to ob ta i n 1 -oc tanone (Scheme 1 . 1 1 ) / ^ 
O I.PPhsRhCI (5 mol%) O 
Ph V CH3 + J toluene, 150。C, 48 hr Bu CH3 
84% 
Scheme 1.10 Catalytic C-C bond activation of unstrained ketones by using 2-amino-3-picoline 
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Im丄N N人N 
N C k I _ J 
0 A - Kn ^ r u _ 
1 ^ ^ r ^ ^ C H , l / ^ CH3 ^ Y ^ 
V ? 
rV^ H20 / ( Y 
f 1 I Z ^ n ^ n 
^n'^NHs J LsRhCI (L = PPhs) C l 、 d h 」 
\ L / \ p C H 3 
N 人 N C I 、 丄 」 
I L z \ _ ^f^s 
C4H9 CH3 C4H9 
Scheme 1.11 Proposed mechanism for CCA of unstrained ketones 
Recen t l y , Jun et al. have also repor ted some examp les o f C C A o f o ther substrates, 
such as p r i m a r y amines,Ba cyc loa l kanone imine^^^ and uns t ra ined secondary alcohols^^' ' 
b y u s i n g s im i l a r reac t ion cond i t i ons . 
1.1.5 Intramolecular sp -^sp^ C-C Bond Activation in PCP System 
A n e w l y deve loped i n t ramo lecu la r ac t i va t i on o f C - C b o n d o f the P C P sys tem (i .e. 
phosph ine -ca rbon -phosph ine ) was repor ted b y Mi ls te in?^ '^^ T h e ac t i va t i on o f a Caryi-Caikyi 
b o n d i n the P C P sys tem was success fu l l y ca r r ied b y several t r ans i t i on meta ls , such as, 
R u , R h , I r and Pt. T h e k i ne t i c bar r ie r was o v e r c o m e b y b r i n g i n g the d i phosph ine l i g a n d to 
the m e t a l center t h r o u g h coord ina t ion . Fur ther a d d i t i o n o f h y d r o g e n acted as an energy-
released step, s ince CH4 was f o r m e d and e l im ina ted . T h e process o f C - C b o n d c leavage 
there fore became an ove ra l l y t h e r m o d y n a m i c a l l y favorab le (Scheme 1.12)产’14 
8 
> 90% 
Scheme 1.12 CCA in phosphine-carbon-phosphine (PCP) system 
I n addi t ion, the convers ion o f the C - H act ivat ion produc t in to the C - C act iva t ion 
produc t was i n product -cont ro l led, [ i.e. BDE(Rh-Caryi = 70 kca l mol '^ + Rh -CHs = 57 kca l 
mo l - i ) > B D E ( R h - C H 2 ( a r y l ) 二 50 kca l mol"^ + R h - H = 62 kca l mol"^)]^^ F o r m i n g o f the 
strong Rh-Caryibond mos t p robab ly is one o f the d r i v i n g forces fo r the C C A . 
I n addi t ion, the electron densi ty on the inserted meta l is one o f the govern ing 
factors i n prefer red C - C over C - H act ivat ion. W h e n react ion o f less b u l k y 
c / /me%/phosph ines o f the PCP l i gand (analogue o f scheme 1.12) y ie lded the more stable 
C - C act ivat ion product , w h i l e w i t h the less basic Jz>/^e«j;/phosphines o f the PCP l igand, 
the C - H act ivated produc t was more s t a b l e . ^ ' ' T h e r e f o r e , h igher e lectron densi ty on the 
meta l center t he rmodynamica l l y favors A r - C H s ox ida t ion over that o f A r C H 2 - H . 
The cleavage o f the strong Caryi-C bond i n the PCP system was also carr ied out 
cata ly t ica l ly . The methy lene group was excised f r o m the p incer l i gand under hydrogen 
atmosphere to y i e l d methane. Th is process resulted i n a selective, catalyt ic cleavage o f 
the C - C b o n d i n the d iphosphine (Scheme 1.13).1財 
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, V ^ P P r i 2 H2 (1.7atm) 
O - M e _ 8 H i 4 ) 2 C : ] 2 , M H +CH4 
V ^ dioxane, 180 °C V , / 
106 turnovers in 3d 
Scheme 1.13 Catalytic hydrogenolysis of Cary「C bond cleavage in PCP system 
1.1.6 C-C Bond Activation in Homoallylic Alcohol by p-Allyl Eimination 
The cata ly t ic C C A v i a (3-alkyl e l i m i n a t i o n f r o m an ( a l k o x y ) - m e t a l in te rmed ia te 
c o u l d be at ta ined b y us ing te r t ia ry h o m o a l l y l a lcohols as a substrate. Te r t i a r y h o m o a l l y l 
a lcohols bear ing e i ther an a ry l or a l k y l subst i tuents were s m o o t h l y dea l l y la ted i n the 
presence o f RuCl2(PPh3)3 to g ive the cor respond ing ketones (Scheme 1.14).^^ The 
f o r m a t i o n o f a stable a l l y l r u t h e n i u m species by P -a l l y l e l i m i n a t i o n shou ld act as a s t rong 
d r i v i n g force o f th is cata ly t ic react ion. The presence o f b o t h ca rbon m o n o x i d e and a l l y l 
acetate were cruc ia l . The f u n c t i o n o f ca rbon m o n o x i d e m i g h t act as an e f fec t i ve Tc-acid.^^^ 
W h i l e the ro le o f a l l y l acetate m i g h t be responsib le fo r the genera t ion and s tab i l i za t ion o f 
a cata ly t ic act ive r u t h e n i u m species/^ ' ' 
r 1 r 2 RuCl2(PPh3)3 ^ 
H O - ^ ^ ^ - ^ C O I O a t m , ^ . ^ ^ O A c T 
180°C, 15h 
r 1 二 Ph, r 2 = Me，r3= H 91% 
= R2 = Ph, R3 = H 87% 
R1 =R2 = Bu，R3 = H 71% 
r 1 二 Ph, r 2 二 Me, r 3 = Me 85% 
Scheme 1.14 Catalytic CCA in homoallyl alcohols bearing either an aryl or alkyl substituents 
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T h e p laus ib le mechan ism fo r th is cata lyt ic C C A was s h o w n as f o l l o w (Scheme 
1 . 1 5 ) , The f i rs t step m i g h t i nvo l ve the ox ida t i ve add i t i on o f the h y d r o x y l g roup o f the 
h o m o a l l y l a l coho l to g i ve an act ive ru then ium intermediate. The (hyd r i do ) - (a l l y l ) 
r u t hen ium in termediate then underwen t reduct ive e l im ina t i on o f the propene to g ive out 
the desired ketones. Carbon m o n o x i d e m i g h t p romote the reduc t ive e l im ina t i on o f 
propene b y ac t ing as an e f fec t ive Ti-acid l igand. The f i na l step o f the mechan i sm m i g h t 
i n v o l v e the regenerat ion o f the r u t hen ium comp lex . 
c 。 + A r ^ ^ _ ^ ^ R 2 X 。 H 
丄 = / r v ^ R 
or = \ r 2 〜 / 
o 
Scheme 1.15 A plausible catalytic cycle for the CCA in homoallyl alcohols 
1.1.7 C-C Bond Activation by Metathesis of Alkanes 
A s i l ica-supported t rans i t ion meta l hydr ide (三Si-O-Si^X三Si-0- )2Ta-H cata lyzed 
the metathesis react ion o f l inear or branched alkanes in to l owe r alkanes at a moderate 
temperature range (25-100 The mechan ism leading to C C A and the f o rma t i on 
l i ke l y i n v o l v e d a four-centered t rans i t ion state between a tan ta lum-a lky l in termediate and 
17b 
a C - C a - b o n d o f a second mo lecu le o f alkane (Scheme 1.16). 
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C n H 2 n + 2 “ C n + i H 2 ( n + i ) + 2 + C n - j H 2 ( n - j ) + 2 
with i = 1,2,..., n-1，but where i = 1 is generally favoured 
Scheme 1.16 General metathesis reaction of higher alkanes to lower alkanes 
The p roposed m e c h a n i s m suggested that the C - H b o n d o f ethane was c leaved 
t h rough a - b o n d metathesis, b y p r o d u c i n g h y d r o g e n and t an ta l im -e thy l species. I n the 
case o f ethane, the C - C b o n d f o r m e d and c leaved enabled the l i be ra t i on o f p ropane and 
the f o r m a t i o n o f a t a n t a l u m - m e t h y l surface comp lex . Me thane was l ibera ted i n the last 
step o f the cata ly t ic cyc le and the act ive species, the tan ta lum-e thy l surface c o m p l e x was 
regenerated. A n e w fou r centered t rans i t i on state was p roposed (Scheme 1.18) and 
17b 
hyd rogen was t ransfer red f r o m an ethane mo lecu le to the m e t h y l l i g a n d (Scheme 1.17). 
Th i s p roposed m e c h a n i s m c o u l d also operate fo r h igher alkanes. 
[Ta]s-H 
广 CH3-CH3 




CH3-CH3 ^ ^ CH3-CH2-CH3 
s =(三S卜〇—Si三）（三Si—〇一 )2 
Scheme 1.17 A plausible catalytic cycle for the CCA by metathesis of ethane 
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I 、\ I 、、、 
Scheme 1.18 A proposed four-centered transition state during metathesis 
T h e m a j o r p r o b l e m ar is ing f r o m th is t ype o f C C A t h r o u g h metathesis o f alkanes 
was the poo r se lec t iv i ty . Besides, methane and propane, metathesis o f ethane also l ed to 
the f o r m a t i o n o f trace amoun t o f n -butane and isobutane. T h e f o r m a t i o n o f those 
undes i red alkanes we re de te rmined i n the f i rs t step o f the C - H ac t i va t ion i n the cata ly t ic 
cyc le (Scheme The tan ta lum-n -p ropy l and tan ta lum- i so -p ropy l surface 
complexes we re f o r m e d d u r i n g the C - H act ivat ion. A m e t h y l g roup f r o m a second 
propane mo lecu le was subsequent ly t ransferred to these p r o p y l in termediates. There fore , 
m ix tu res o f p roducts ( i .e n-butane, isobutane and tan ta lum-e thy l complexes) w o u l d be 
f o r m e d (Scheme 1.19) 口b 
N . [ T a ] s - - ^ 
[Ta]s-H — + \ + ^ ^ ^ 
[Ta]s-<^ ~ 〈 
s =(三S 卜 0 - S i 三)(三Si—O—)2 
Scheme 1.19 Formation of n-butane and iso-butane during metathesis 
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1.1.8 C-C Bond Activation by Nucleophilic Attack of Rhodium 
Porphyrin Anion 
A l t h o u g h the cyc lopropane r i n g was usua l l y c leaved b y ac id -ca ta lyzed process or 
ox ida t i ve add i t i on in to the t rans i t ion meta l , the nuc leoph i l i c at tack b y the r h o d i u m ® 
p o r p h y r i n an ion c o u l d also cause the rupture o f C - C b o n d o f the cyc lopropanes 
subst i tu ted w i t h an e l ec t ron -w i t hd raw ing g roup under m i l d c o n d i t i o n s . T h e nuc leoph i l i c 
r i n g open ing o f the C - C b o n d o f cyc lopropane was fac i l i ta ted b y ac t i va t ion w i t h an acy l 
o r ester g roup (Scheme 1.20). 
rOEPlRh' ^ ^ R ^ OEPRh"'CH2CH2CH2R 
EtOH.35 °C, 1.5 h 
R = COCH3, 770/0 
R = CO2C2H5, 12% 
OEP = octaethylporphyrinato 
dianion 
Scheme 1.20 CCA by rhodium porphyrin anion 
Other examples o f C C A have no t been covered i nc luded the w o r k s b y B e r g m a n ^ ^ 
Stryker20，SuzukP, etc. 
1.2 Objective of the Work 
The above examples o f the carbon-carbon bonds ac t i va t ion b y t rans i t ion meta l 
complexes m a i n l y i n v o l v e d strained r e l i e f s y s t e m s , a r o m a t i z a t i o n , ^ ' ^ the presence o f the 
ca rbony l g roup/^ ' ^^ pre-anchored phosphine ligands,^' '^^ P -a l l y l e l iminat ion,^^ a - b o n d 
me ta thes i s " and nuc leoph i l i c at tack b y r h o d i u m p o r p h y r i n a n i o n . Examp les o f 
m仗 rmo lecu la r ac t i va t ion o f a l iphat ic carbon-carbon bonds b y t rans i t ion me ta l complexes 
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have n o t b e e n repor ted . T h e ob jec t i ve o f th is thesis concerns the f i r s t d i s c o v e r y o f such 
process b y the r h o d i u m p o r p h y r i n r ad i ca l w i t h n i t r o x i d e s a n d o ther substrates. T h e resul ts 
o f the p r e l i m i n a r y scope, l i g a n d e f fec ts and mechan i s t i c s tudies o f t h i s r e a c t i o n w i l l be 
discussed. 
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Chapter 2 Carbon-Carbon Bonds Activation (CCA) by Rhodium 
Porphyrin Radical 
2.1 Serendipitous Discovery of CCA 
2.1.1 Proposed Mechanism of C C A 
T h e s tudy o f i n t e r m o l e c u l a r sp3-sp3 h y b r i d i z e d C - C b o n d a c t i v a t i o n w a s d i scove red 
b y se rend ip i t y b y D r K . W . M a k i n Pro fessor K . S. C h a n ,s l abo ra to ry d u r i n g the s tudy o f 
1 ,2 - rear rangement o f a l k y l p o r p h y r i n a t o rhodium(III) complexes W h e n 
Rh(bocp)(CH2CH2Ph) was heated w i t h 2 , 2 , 6 , 6 - t e t r a m e t h y l p i p e r i d i n o x y l ( T E M P O ) i n an 
a t tempt t o t rap any P h C H i C H i rad i ca l f o r m e d b y po ten t i a l h o m o l y s i s o f the R h - C H 2 C H 2 P h 
b o n d , R h ( b o c p ) C H 3 was ob ta ined i n 7 3 % y i e l d (Scheme 2.1) . W h e n ^^C en r i ched 
R h ( b o c p ) ( * C H 2 C H 2 P h ) reacted w i t h T E M P O ( * C = ^^C), styrene w i t h the ^^C a t o m en r i ched 
at the t e r m i n a l o l e f i n p o s i t i o n f o r m e d . Thus , r h o d i u m - c a r b o n b o n d was c leaved v i a a n o n -
h o m o l y t i c d e c o m p o s i t i o n p a t h w a y F u r t h e r m o r e , at least t w o equ iva len ts o f T E M P O w e r e 
requ i red . 
� Y a 
Rh(bocp)*CH2CH2Ph benzene. N^, [Rh(bocp)'] ^ R h ( b o c p ) C H 3 + + HO-N ) 
80。C 73% Ph 
Scheme 2.1 Reactions between Rh(bocp)CH2CH2Ph and TEMPO 
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T h e m e c h a n i s m o f the f o r m a t i o n o f R h ( b o c p ) C H 3 w a s p r o p o s e d as f o l l o w . (3-
H y d r o g e n a t o m abs t rac t ion o f the R h ( b o c p ) C H 2 C H 2 P h b y T E M P O gave s tyrene and 
R h " ( b o c p ) rad ica l . T h e resu l tan t R h " ( b o c p ) r ad i ca l reacted w i t h a second equ iva len t o f 
T E M P O v i a c a r b o n - c a r b o n b o n d ac t i va t i on to g i v e R h ( b o c p ) C H 3 (Scheme 2 .2 and 2.3).^^ 
Ph V V 
J g ^ 广 . O - N O P-H 她 c t i o n ’ ^ ^ + + H O - N M 
CH3 
, ~ T ^ TEMPO ^ ^ 
= bocp2-
Scheme 2.2 Proposed mechanism for the formation of Rh(bocp)CH3from Rh(bocp)CH2CH2Ph 
一 II CeHe, N2 \ \ 
\ Z 厂 Rh"(bocp) b … > Rh(bocp)CH3+ 
80°C, 14h Z N N 
' V 〇 〇• 〇• 
Scheme 2.3 Proposed Mechanism of CCA between Rh丨丨(bocp) and TEMPO 
2.2 CCA of Rhodium Porphyrin Radical with Nitroxides 
I n order to inves t iga te d i r e c t l y the p roposed C C A v i a the reac t i on o f R h " rad i ca l 
w i t h n i t r ox i des w i t h o u t the c o m p l i c a t i o n caused b y the reac t i on o f r h o d i u m m e t a l d i m e r 
f o r m e d b y d i m e r i z a t i o n o f Rh(II).24a A stable, s te r i ca l l y h i n d e r e d R h ( I I ) c o m p l e x o f 
24b 
R h ( t m p ) was p repared acco rd ing to a m o d i f i e d l i te ra ture p rocedure . 
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2.2.1 Synthesis of Rhod ium Porphyr ins 
H 2 t m p 1 w a s o b t a i n e d b y the c o - t e t r a m e r i z a t i o n o f p y r r o l e a n d m e s i t y l a l d e h y d e 
a c c o r d i n g t o l i t e ra tu re m e t h o d i n 3 1 % y i e l d (eq 2 . 4 ) 2 5 [ R h ( C O ) 2 C l ] 2 2 w a s syn thes ized 
b y the r e d u c t i o n o f R h C b . S H z O b y C O i n 6 6 % (eq 2 . 5 ) 2 6 R h ( t m p ) I 3 w a s t h e n 
ob ta i ned i n 8 9 % b y the r e a c t i o n o f a suspens ion o f H z t m p 1, [ R h ( C O ) 2 C l ] 2 2 a n d N a O A c 
i n anhyd rous 1 ,2 -d i ch lo roe thane f o l l o w e d subsequent o x i d i z a t i o n w i t h I2 (eq 2 .6 ) 
R h ( t m p ) C H 3 4 a w a s t h e n syn thes ized b y r e d u c t i v e m e t h y l a t i o n o f R h ( t m p ) I 3 i n 8 6 % 
(eq 2 . 6 ) 2 7 
H3C /CH3 
/CH3 1.BF3.0Et2， H3C CH3 
H p ^ r V c H O + f l CHCI3，N2, 1 h ， p N H N C I (2 4) H3C~^^^^^^CH〇十 ^ N ^ 2. DDQ, reflux, 1 h H ^ (丄4) 
H H39 \ N / pH3 
H3C CH3 
Hstmp 1 31% 
RhCl3.3H2〇 + C〇 J 冗 & * [Rh(CO)2CI]2 + 6H2O +2COCI2 (2.5) 
2 66% 
1. [Rh(C〇)2CI]2，C2H4CI2 1. NaBH4, EtOH, 
No, r.t.-reflux, overnight ,, 、• No, 50-60 1 h , ,、广 • /o ^^ � 
H2tmp /丨 f 外 Rh(tmp)l , ’ Rh(tmp)CH3 (2.6) 
z. I2，「.L，zn 
1 31% 3 89% 4a 86% 
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2.2.2 Synthesis of Rhod ium( I I ) Porphyr in Radical 
R h ( t m p ) 5 w a s syn thes ized acco rd ing to a m o d i f i e d l i te ra ture m e t h o d b y 
p h o t o l y s i s . 2 7 ， 2 8 Rh(tmp)CH3 4a i n anhydrous benzene (2.8 m M ) w a s i r rad ia ted i n a 
T e l f o n s toppered p y r e x Sch lenk f lask b y a 4 0 0 W H g - l a m p fo r 6 -8 h u n t i l comp le te 
c o n s u m p t i o n o f R h ( t m p ) C H 3 was c o n f i r m e d b y T L C analys is (eq 2.7) . T h e o p t i m a l 
reac t ion tempera tu re w a s m a i n t a i n e d be tween 6 - 1 0 ^C i n order to m i n i m i z e the chance o f 
t he rma l d e c o m p o s i t i o n o f R h ( t m p ) 5 d u r i n g pho to l ys i s . R h ( t m p ) 5 w a s success fu l l y 
p repared v i a pho to l ys i s i n about 6 0 % N M R y i e l d ( res idua l CeHs as the in te rna l 
standard).16 La rge er ror i n y i e l d due to unce r ta in t y o f i n teg ra t i on o f pa ramagnet i c R h ( I I ) 
p o r p h y r i n . A d d i t i o n o f excess i od i ne to 5 y i e l ded R h ( t m p ) I 3 i n 8 0 % y i e l d af ter c o l u m n 
ch romatog raphy . There fo re , the y i e l d o f pho to l ys i s was es t imated to be at least 80%. 
Rh(tmp)CH3 C6D6，hv，6-10OC、^tmp) (2.7) 
4a 6-8 h, N2 5 
[4a] = 2.8 mM 
2.2.3 Synthesis of 1,1,3,3-Tetraalkylisoindolii i-2-oxyls 
1 ,1 ,3 ,3 -Te t raa l ky l i so indo l i n -2 -oxy l s w e r e synthes ized acco rd ing to the l i terature 
m e t h o d (Scheme 2 .8) 29 A^ -Benzy lph tha l im ide 6 was ob ta ined quan t i t a t i ve l y b y r e f l u x i n g 
phahta l i c anhyd r ide and b e n z y l amine i n acetic ac id fo r 1 h. A l k y l a t i o n o f 6 w i t h G r i g n a r d 
reagents i n r e f l u x i n g to luene under N 2 y i e l d e d 2 - b e n z y l - l , 1 , 3 , 3 - t e t r a a l k y l i s o i n d o l i n 7 i n 
modera te y ie ld . T h e y i e l d o f 7 b was l o w because o f large mechan i ca l loss i n a sma l l scale 
exper iment . D e - b e n z y l a t i o n o f 7a-c ca ta lyzed b y 1 0 % P d / C under H 2 i n H O A c p roduced 
1,1 ,3 ,3 - te t raa lky l i so indo l ine 8 i n g o o d y ie ld.〗。Oxidat ion o f 8a - b b y H 2 O 2 cata lyzed b y 
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N a 2 W 0 4 - 2 H 2 0 y i e l d e d the co r respond ing 1 , 1 , 3 , 3 - t e t r a m e t h y l i s o i n d o l i n - 2 - o x y l 9 a - b i n g o o d 
yield.30’3i 9c w a s f i n a l l y ob ta i ned b y o x i d i z i n g 8c w i t h m - C P B A at r . t . f o r 5 m i n i n 8 9 % 
y i e l d and 9 d w a s ob ta i ned d i r e c t l y b y o x i d i z i n g 9 b w i t h m - C P B A at r . t . f o r 4 days i n 4 0 % 
3 3 
yield.32 V a r i o u s n i t r o x i d e s w e r e success fu l l y syn thes ized f o r s t u d y i n g the sp -sp C C A b y 
R h ( t m p ) rad ica l . 
〇 O R R 
HOAc 1 h r ^ V ^ RMgl, N2，toluene, 「 r O + H2NBn 二?|，J n’ > | NBn ^ ^ > � I NBn 
reflux 80-110 overnight 
〇 〇 R R 
6 100% 
7a R = CH3, 40% 
7b R = CD3, 15% 
7c R= Et, 40% 
7d R = Bn, 21% 
R R R R 
10% Pd/C, 6Qpsi H2 ^ r ^ ^ p A f Na2W〇42H2〇，H2O2, r.t ^ ^ ^ ^ 
HOAC , 3h, r.t. MeOH/CHsCN, 12h 
R R rAR 
8a R = CH3, 78% 9a R = CH3, 98% 
8b R = CD3, 98% 9b R = CD3, 71 % 
8c R = Et, 99% 9c R = Et, 0% 
Et Et Et Et 
r ^ ^ r - V m-CPBA, r.t., 5 min. 
I NH ^ I N_〇 
CH2Cl2 
E / Et E / Et 
8c 9c 88% 
Bn Bn Bn 巳门 
f ^ ^ y ^ m-CPBA, r.t., 4 days r ^ ^ r ^ 
I NBn — I N—〇 
^ ^ ^ ^ ^ ^ CH2。l2 
Bn Bn Bn Bn 
7d 9d 40% 
Scheme 2.8 Synthesis of 1,1,3,3-tetraalkylylisoindolin-2-oxyls by m-CPBA 
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2.2.4 Reactions between Rhod ium( I I ) Porphyr in Radical and Nitroxides 
T o ou r de l i gh t , R h ( t m p ) 5 reacted w i t h n i t r ox i des to y i e l d c o r r e s p o n d i n g R h ( t m p ) R 
v i a C C A (eq 2 .9 and T a b l e l ) ^ 5 reacted w i t h 1 , 1 , 3 , 3 - t e t r a m e t h y l i s o i n d o l i n - 2 - o x y l 
( T M I N O ) at 7 0 。 C f o r 4 h to g i ve R h ( t m p ) C H 3 4a i n 7 3 % y i e l d ( E n t r y 1). W h e n the 
deuterated m e t h y l de r i va t i ve T M I N O - C D 3 reacted w i t h 5, R h ( t m p ) C D 3 4 b w a s i so la ted i n 
6 8 % y i e l d ( E n t r y 2) . T h i s c lea r l y c o n f i r m e d that the m e t h y l g r o u p o f the n i t r o x i d e s was 
c leaved and the sp^-sp^ h y b r i d i z e d C - C b o n d have been ac t i va ted b y the r h o d i u m p o r p h y r i n . 
O the r n i t r o x i d e s also u n d e r w e n t C C A success fu l l y (En t r ies 3 -7 ) . B o t h s te r i ca l l y m o r e 
h i nde red 1 ,1 ,3 ,3 - t e t r abenzy l i so i ndo l i - 2 -oxy l ( T B I N O ) and 1 ,1 ,3 ,3 - t e t r ae thy l i so i ndo l i - 2 -oxy l 
( T E I N O ) reacted. T B I N O reacted w i t h 5 at 70。C f o r 4 h to g i ve R h ( t m p ) B n 4 d i n 6 3 % y i e l d 
( E n t r y 3) . T E I N O reacted w i t h S a t 110 ° C f o r 40 h to g i ve R h ( t m p ) E t 4c i n 4 0 % y i e l d ( E n t r y 
4) . S ince B n g r o u p is m o r e e l e c t r o n - w i t h d r a w i n g t han E t , the C-Cen b o n d is w e a k e r t han C -
Cethyi b o n d , thus the C C A reac t ion is faster. T h e C C A is also se lect ive at the m o r e h i nde red 
te r t i a ry -secondary ca rbon -ca rbon bond . F o r m a t i o n o f the te r t i a ry a l k y l rad i ca l m i g h t be 
i n v o l v e d . 
T h e e x t r e m e l y s te r ica l l y h i nde red 2 , 2 - d i m e t h y l - 5 , 5 - d i p h e n y l p y r r o l i d i n - l - o x y l 
( D M P N 0 ) 3 3 reacted w i t h 5 at 110。C to g i ve R h ( t m p ) C H 3 4a i n 8 6 % y i e l d af ter 46 h ( E n t r y 
5). R h ( t m p ) C H 3 4a was the sole p roduc t . I n contrast to the C C A examp les i n the l i te ra ture 
w h i c h suggested concer ted o x i d a t i v e add i t i on , the pre ference f o r m e t h y l ra ther t han the 
p h e n y l abs t rac t ion c o u l d be accounted b y the ster ic fac tor . Fu r t he rmore , the poss ib le rad ica l 
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subs t i t u t i on i n the e lemen ta ry step s t rong l y f avo rs the m e t h y l t ransfer . T h u s , the r eac t i on is 
h i g h l y se lec t ive t o w a r d s a l i pha t i c ca rbon bonds . 
T h e s t rong ster ic e f fec t i n C C A c o u l d also be obse rved i n a c y c l i c and c y c l i c 
n i t r ox i des . T h e acyc l i c n i t r o x i d e s ( D B N O ) b e i n g less h i nde red t h a n the c y c l i c n i t r o x i d e s 
reacted faster ( E n t r y 7) . 
A p a r t f r o m the des i red R h ( t m p ) R ( R 二 M e , C D 3 , E t and B n ) ob ta i ned i n C C A 
react ions, t w o unexpec ted r h o d i u m p o r p h y r i n s we re observed. R h ( t m p ) C H 2 C l w a s ob ta ined 
as a s ide p r o d u c t i n a l l C C A react ions and the % y i e l d o f R h ( t m p ) C H 2 C l w a s ob ta ined 
a r o u n d 5 - 10%. T h e reason f o r the f o r m a t i o n o f R h ( t m p ) C H 2 C l due to the present o f the 
res idua l CH2CI2 f r o m so lven t o f rec rys ta l l i za t i on and R h ( t m p ) 5. 
O n the o ther hand , R h ( t m p ) P h was also ob ta ined i n the reac t i on b e t w e e n 5 and 
T E I N O ( E n t r y 4) . T h e R h ( t m p ) P h was ob ta ined a round 2 - 3 % . T h e reason f o r the f o r m a t i o n 
o f R h ( t m p ) P h i n en t ry 4 m i g h t due to the rad i ca l a d d i t i o n o f R h ( t m p ) 5 to the benzene 
s o l u t i o n was i n a ve r y s l o w rate, thus o n l y a v e r y s m a l l a m o u n t o f R h ( t m p ) P h f o r m e d af ter 
40 h . T h e st ructures o f those r h o d i u m p o r p h y r i n s we re c o n f i r m e d b y independen t synthesis. 
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R h ( _ + 二 : ^ N ^ ： ‘ 二 . R h ( _ R (2.9) 
5 6. 
E n t r y N i t r o x i d e Reac t i on t emp ( o Q Reac t i on t i m e (h ) P roduc t ( R h ( t m p ) R ) y i e l d ( % ) * 
々 C H 3 
1 70 4 C H 3 73 
H3C CH3 
TMINO 
々 C D 3 
N 一 〇• 广 T^  




N - 0 - 』 n 




N ^ N � • 
4 ° 110 40 E t 40 
e / Et 
TEINO 
H3C I Ph 
5 O n o 46 CH3 86 
DMPNO 
6 70 4 CH3 86 
TEMPO 
O. 
7 \ / 70 3 C H 3 71 
DBNO 
* % Yield was based on 80% of Rh(tmp) 5 generated through photolysis 
Table 1 CCA between Rh(tmp) 5 and Nitroxides^^ 
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2.2.5 Independent Synthesis of A l ky l Rhodium( I I I ) Porphyrins 
The products o f the C C A react ion were fur ther c o n f i r m e d b y the authentic 
compounds prepared b y independent synthesis?? R h ( t m p ) R ( R = M e , CD3, E t and B n ) 
were synthesized b y reduct ive a l ky la t i on o f R h ( t m p ) 1 3 i n g o o d y i e l d (eq 2.10) . 
1. NaBH4，EtOH, 
N2，50-60 1 h 
_ m p ) 丨 2 . m o r R B r , 0 。 C - r . t / “ 輕 （ 2 . 1 0 ) 
4a R = CH3, 86% 
4b R = CD3, 78% 
4c R= Et, 73% 
4dR = Bn, 50% 
T w o unexpected r h o d i u m porphyr ins (i.e. Rh ( tmp ) C H 2 C l 4e and Rh ( tmp )Ph 4 f ) 
f o r m e d i n the C C A were also prepared. Rh ( tmp ) C H 2 C l 4e was synthesized b y reduct ive 
a l ky la t i on w i t h excess CH2CI2 i n a lmost quant i tat ive y i e l d (eq 2.11). 4e was f o r m e d b y 
residue 5 w i t h CH2CI2 added du r ing the w o r k u p o f the react ion m ix tu re . 
1. NaBH4，EtOH, 
No, 50-60 1 h 
晴 m p ) 丨 , . c H , C . . 0 O C - r . t . ’ R h ( _ C H 2 a (2.11) 
4e 970/0 
The aromat ic 71-system (i.e. benzene) is general ly rather unreact ive because 
add i t ion o f reagents destroys the aromat ic stabi l izat ion. Howeve r , some radicals (e.g. 
pheny l radical ) are par t icu lar react ive and add to the unact ivated benzene r i n g and the 
react ion pa thway was proposed b y Russel l (eq 2.12).34 Rh ( tmp )Ph 4 f cou ld also be 
f o rmed i n an analogous maimer (eq 2.13). 
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C e H s . / ^ oxidizing 
CeHs- + ^ h K ^ species " ( 2 . 1 2 ) 
H Rh(tmp) 
Rh(tmp) + n 7 0 - ” 0 O C ， r f r o l ^ • R _ P ) H + R h ( _ P h 
5 ^ ^ 70-110 C 4f 
(2.13) 
R h ( t m p ) P h 4 f w a s synthes ized f r o m the reac t i on o f R h ( t m p ) I 3 and A g C l C U 
XH2O w i t h benzene f o r 1 h at r . t . i n 2 3 % y i e l d (eq 2.14) . ^^ R h ( t m p ) P h 4 f was observed i n 
a v e r y sma l l a m o u n t o n the c rude ^H N M R spec t rum o f the C C A reac t i on b e t w e e n 5 and 
T E I N O (en t r y 4) . T h e l o w y i e l d o f 4 f suggested that R h ( t m p ) 5 reacted v e r y s l o w l y w i t h 
benzene. 
Rh(tmp)l AgCI〇4，C6H6 , R _ p ) P h (2.14) 
No, r.t.，1 h 
4f 23% 
Fur the rmore , R h ( t m p ) 5 was stable i n benzene af ter a w e e k at 7 0 - 1 1 0 � C as 
add i t i on o f I2 to th is reac t i on m i x t u r e gave R h ( t m p ) I 3 i n 7 8 % y i e l d (eq 2 .15) . 
Rh(tmp) I .N2，70 -110 CsHs, 1 week ^ Rh(tmp)l (2.15) 
5 2. I2, 110 10min 3, 78% 
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2.3 CCA of Rhodium Porphyrin Radical with Other Substrates 
2.3.1 Reactions between Rhodium(I I ) Porphyr in Radical and Non-enolizable 
Ketones 
A s n i t rox ides and ketones are st ructura l ly s imi lar , ketones were tested fo r possible 
C C A w i t h R h ( t m p ) 5. T o our del ight , 2 ,2 ,4,4- tet ramethylpentan-3-one reacted w i t h 
R h ( t m p ) S a t 110 fo r 49 h to y i e l d Rh( tmp ) C H 3 4a i n 3 1 % y ie ld . 
Since 2 ,2 ,4 ,4 - te t ramethy lpentan-3-one successful ly underwent C C A i n moderate 
y ie ld , other k inds o f ketones were also reacted. 
2,2,5,5-Tetramethylcuclopentanone 10 was synthesized in 78% yield by exhaustic 
methy la t i on accord ing to l i terature me thod (eq 2.16).^^ U p o n react ion w i t h R h ( t m p ) 5 at 
110 o c fo r 62 h, o n l y a ve ry l i t t le o f Rh( tmp ) C H 3 4a was produced. Presumably , steric 
h inderance l owe red the reac t iv i t y (eq 2.17 and Tab le 2). 
O 1.KH 9 
A - ^ (2-16) 
W THF，N2，r.t.，24h - ^ W 
10 78% 
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Rh(tmp) + ketones b印z6n6,N2 岁 Rh(tmp)CH3 (2.17) 
c 110 C 知 5 4a 
E n t r y Ke tones Reac t i on T e m p ( ^ O Reac t i on T i m e (h ) R h a m p ) R Y i e l d ( % ) * 
1 110 49 C H 3 31 
2 ^ 110 62 C H 3 V e r y sma l l 
amoun t 
* 0/0 Yield was based on 80% of Rh(tmp) 5 generated through photolysis 
Table 2 Reaction between Rh(tmp) 5 and Ketones 
2.3.2 Reactions between Rhodium(I I ) Porphyr in Radical and Diketones 
I n p r i nc ip le , the b o n d strength be tween sp^-sp^ C - C a l k y l g roup a to p - d i c a r b o n y l 
compounds w i l l be weake r than m o n o - c a r b o n y l compound . T h i s C - C b o n d m a y then be 
easier to be ac t iva ted due to l o w e r e lect ron dens i ty o f the bond . D i ke tones 2,2-
d ime thy l i ndan -1 ,3 -d ione 2,2,5,5-tetramethylcyclopentane-l,3-dione 2,2-
diethyl-5,5-dimethylcycolpentane-l,3-dione and 2,2-dibenzyl-5,5-
dimethylcyclopentane-l,3-dione we re synthesized, howeve r , no C C A reac t ion was 
observed be tween 5. 
T h e reason that there was no C C A be tween 5 and the d iketones was observed was 
l i k e l y due to the presence o f enol izab le protons, since m o r e fac i le add i t i on /e l im ina t i on 
react ion w o u l d occur v i a eno l p r o d u c e d ^ a W a y l a n d et al. repor ted that add i t i on o f the 
m e t a l l o p o r p h y r i n to the eno l isomer p roduced an in termedia te a l k y l b r i d g e d comp lex , 
( 0 E P ) M - C R 2 C R ( 0 H ) - M ( 0 E P ) , w h i c h subsequent ly unde rwen t P - O - H m i g r a t i o n to f o r m 
( 0 E P ) M - C R 2 C ( 0 ) R and ( O E P ) M - H complexes (Scheme 2.18)•娜 There fore , R h ( t m p ) 
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rad ica l m i g h t react w i t h the eno l tau tomer p roduc t and no C C A reac t ion occu r red (Scheme 
2.19) . I n the fu tu re , the studies o f C C A be tween R h ( t m p ) rad ica l and ke tone shou ld be 
rest r ic ted to n o n - eno l i zab l e ketones on ly . 
RCH2CHO ^ H 〉 
[(0EP)M]2 + RCH2CHO » (0EP)IVh-CH2CR(0H)-M(0EP) 
( 0EP)^^CH2CR(〇H) -M(〇EP) ( 〇 E P ) ^ ^ C H R C ( 0 ) H + ( 〇 E P ) ^ ^ H 
M = Rh, Ir 
R = H, CH3 
Scheme 2.18 Reactions between Rh(ll)/lr(ll) dimers and carbonly compounds 
〇 
O O i / 
— r ^ + Rh(tmp) - C x 
^ \ r i OH 
/ ^ ^ o T ^ ^ O H Rh(tmp) 
Scheme 2.19 Proposed reaction pathway between Rh(tmp) 5 and enolizable ketone 
2.4 Ligand Effects on Carbon-Carbon Bonds Activation 
L igands also p lay impo r tan t and c ruc ia l ro les i n the C C A . The four -coord ina te 
R h ( t m p ) 5 is a l o w - s p i n d? c o m p l e x w i t h (dxy)'(dxz,yz)' (dz^)^ g round conf igurat ion.^^ R h ( I I ) 
radicals t y p i c a l l y react as meta l lo rad ica ls w i t h a var ie ty o f l igands ( L 二 g donor and 71 
acceptor) to f o r m adducts. Since the H O M O o f s q u a r e -p lana r o f R h " ( t m p ) comp lexes is c ^ , 
R h ( t m p ) rad ica l w i t h a donor or 71 acceptor f o r m s f i v e - coo rd ina ted complexes . A s a resul t , 
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the 4 2 to dxz,yz energy separat ion is enlarged. R h " ( t m p ) L w i l l become m o r e e lec t ron - r i ch and 
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Fig. 1 The simplified MO diagram for (L)Rh(tmp) 
2.4.1 L igand Coordinat ion between Rhod ium( I I ) Porphyr in Radical 
C o n f i r m a t i o n o f l i g a n d c o o r d i n a t i o n o f R h ( t m p ) 5 w i t h p y r i d i n e and 
t r i pheny lphosph ine was conduc ted b y U V - v i s spect roscopy. T h e c o o r d i n a t i o n be tween 
R h ( t m p ) 5 w i t h 1 equ iva len t p y r i d i n e or t r i pheny lphosph ine was car r ied ou t at r o o m 
temperature in anhydrous benzene under anaerobic conditions in a Telfon-stoppered Schlenk 
U V - c e l L T h e w a v e l e n g t h was scanned f r o m 350 n m to 750 n m . Isobest ic po in ts were 
observed f r o m b o t h spectra (py r i d ine : 430 .0 n m , 501.5 n m and 572.0 n m ; PPhs： 427 .0 n m , 
505.0 n m , 534.0 n m and 562.0 n m ) . There fo re , the coo rd ina t i on be tween R h ( t m p ) 5 w i t h 
py r i d i ne and t r i pheny lphosph ine were conf i rmed. '^ ^  
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1.000-, 
Rh(tmp) + pyridine 
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Rh(tmp) I I 
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Fig. 2 UV-vis spectra of Rh(tmp) 5 at room temperature with pyridine 
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Fig. 3 UV-vis spectra of Rh(tmp) 5 at room temperature with triphenylphosphine 
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2.4.2 Phosphine Effects on C C A between Rhod ium( I I ) Porphy r in Radical and 
Nitroxides 
A d d e d p h o s p h i n e s enhanced the rate a n d the y i e l d o f C C A w i t h n i t r o x i d e s . W h e n 1 
e q P P h 3 w a s a d d e d i n the r e a c t i o n w i t h T E I N O , 7 0 % y i e l d o f R h ( t m p ) E t 4 d w a s o b t a i n e d i n 
o n l y 3 h . W i t h o u t PPhs added, t he reaction t o o k 4 0 h a n d o n l y 4 0 % y i e l d o f R h ( t m p ) E t 4 d 
w a s ob ta ined . M o r e o v e r , t he rate a n d the y i e l d o f t he C C A w i t h D M P N O ( i .e . 2 , 2 - D i m e t h y l -
5 ,5-diphenylpyrrolidin-l-oxyl) a n d D M P N O , ( i . e . 2 , 2 - D i m e t h y l - 6 , 6 - d i p h e n y l p y r r o l i d i n - l -
o x y l ) w e r e a lso enhanced (eq 2 .20 a n d T a b l e 3) . 
TEINO/DMPNO(s) ^ Dh"r^n、R (2 20) 
Rh(tmp) + PPhs 二 ， 二 （2.20) 
5 ’ 4d R = Et 
4a R = CHs 
Entry N i t — 。 t ^ w i 州、 R Time/h Yield/o/� 
^ ^ E t Y e s E t 3 70 
I N-Cr 
1 
Et Et No Et 40 40 
TEINO 
Yes CH3 18 94 , 
H3C ？ Ph 
2 O 
DMPNO No CH3 46 86 
n Yes CH3 8 53 
3 H3C : Ph 
DMPNO' No CH3 15 11 
_J 
* % Yield was based on 80% of Rh(tmp) 5 generated through photolysis 
Table 3 PPha effects on the CCA between Rh(tmp) 5 and TEINO/DMPNO/DMPNO' 
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F u r t h e r m o r e , the R h ( t m p ) 5 was stable i n benzene w i t h a d d i n g PPhs a f ter 3 days at 
110。C. T h i s c o n t r o l e x p e r i m e n t w a s m o n i t o r e d b y T L C ana lys is and s h o w n tha t the PPhs 
was c o n s u m e d af ter l h a t l l O ° C , no n e w spot w a s observed af ter 3 days (eq 2 .21) . 
Rh(tmp) + PPh3 二 二 、 ( L ) R h ( t m p ) (2.21) 
5 L = PPh3 
2.5 Summary 
R h ( t m p ) 5 w a s success fu l l y generated i n g o o d y i e l d t h r o u g h p h o t o l y s i s o f 
R h ( t m p ) C H 3 4 a under anaerob ic cond i t i ons at l o w tempera ture . R h ( t m p ) 5 was f o u n d to 
unde rgo a l i pha t i c ca rbon -ca rbon b o n d ac t i va t i on w i t h n i t r ox i des to y i e l d a l k y l r h o d i u m ( I I I ) 
p o r p h y r i n s i n g o o d y i e l d . P r e l i m i n a r y resul ts s h o w e d that R h ( t m p ) 5 ac t i va ted the a l i pha t i c 
ca rbon -ca rbon b o n d o f non -eno l i zab le ketones . M o r e o v e r , PPhs l i g a n d w a s f o u n d to enhance 
the reac t i v i t y o f R h ( t m p ) i n the reac t i on w i t h s ter ica l ly h i nde red n i t r ox ides . 
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Chapter 3 Preliminary Mechanistic Studies of Carbon-
Carbon Bonds Activation (CCA) 
3.1 Attempted Mechanistic Studies of CCA 
3.1.1 Proposed Mechanism of C C A via Sh2 Pathway 
T h e f i r s t C C A o f uns t ra ined a l iphat ic n i t rox ides w i t h R h ( I I ) p o r p h y r i n rad ica l 
we re successfu l ly car r ied out . The C C A was p roposed to occur v i a h o m o l y t i c 
b i m o l e c u l a r subs t i tu t ion ( i .e. Sh2) m e c h a n i s m (Scheme 3.1). There fo re , p r e l i m i n a r y 
mechan is t i c studies we re car r ied ou t i n order to suppor t th is p roposa l . 
H 3 C J L C H 3 S h 2 ? CH3 r ^ 
d Z ^ = tmp2-
Scheme 3.1 Proposed mechanism of CCA via Sh2 pathway 
3.1.2 Homolyt ic Bimolecular Substi tut ion (SH2) 
Subs t i tu t ion at a center “ A ” can be c lass i f ied as nuc l eoph i l i c , e lec t roph i l i c or 
homoly t i c .42 I n a nuc leoph i l i c subst i tu t ion, a nuc leoph i l e w i t h a lone pa i r o f e' (Nu") 
f o rms a b o n d to mo lecu le A L and subsequent ly loses g roup L" to f o r m N u - A . I f the 
b o n d - m a k i n g and bond -b reak ing processes occur s imu l taneous ly , the subs t i tu t ion is 
ca l led Sn2 reac t ion (eq 3.2). I f the bond -b reak ing o f A - L proceeds be fore the A - N u 
f o r m i n g step, the reac t ion is ca l led S n I . 
Nu' + A - L [Nu——A——L]""^ Nu—A + L" (3.2) 
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F o r e l ec t r oph i l i c subs t i tu t ion , the e lec t rons f o r f o r m i n g the A - L b o n d are 
d e r i v e d f r o m the substrate A - L . T h e studies o f e l ec t roph i l i c subs t i t u t i on u s u a l l y dea l 
w i t h o r g a n o m e t a l l i c c o m p o u n d s a n d also occu r v i a b i m o l e c u l a r a n d u n i m o l e c u l a r 
p a t h w a y s (eq 3 .3) . 
SE2 L [E—--—A…---L]+去 E — A + L+ 
Se1 A ^ L - A- + L+ - - E — A + L+ (3.3) 
F o r h o m o l y t i c subs t i tu t ion , l i k e l y a f ree rad i ca l R f o r m s a b o n d to A w i t h 
s imu l taneous h o m o l y t i c sc iss ion o f the A - L b o n d to generate the m o l e c u l e R - A a n d 
rad i ca l L (eq 3.4).43 T h i s process l i k e l y occurs v i a a synch ronous m a n n e r as i t is 
u s u a l l y l o w e s t i n ba r r ie r . 
R + A - L ^ [R——A-— R - A + L. (3.4) 
3.1.3 L i tera ture Review on Sh2 
T h e v i n y l o g o f the h o m o l y i t c subs t i t u t i on reac t ions c o m p r i s e a d d i t i o n o f an 
i n i t i a l r ad i ca l t o an a l l y l c o m p o u n d , concer ted w i t h the loss o f an o u t g o i n g rad i ca l is 
k n o w n as the S h 2 ' process. T h e o u t g o i n g rad i ca l L m i g h t be a h a l o g e n a t o m or a t h i y l 
r ad i ca l R S , b u t RsSn w a s m o s t f r equen t l y observed as the reagents f o r a l l y l a t i o n (eq 
3.5and3.6)，45 
R- + • ^ x z L S H 2 、 R ^ ^ / ^ X + L. (3.5) 
X = CH2，NR, O 
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h,、、 \OBz A 旧 N ， ^ s n B u 3 h 、 、 \ O B z (3.6) 
M e O 人 O 〜 toluene, 80。C，9h MeCT ^ O ^ ^ ^ 
Br 76% 
S h 2 react ions can also occur at the non -ca rbon centers, such as s i l i con . The 
cis-1 - ( b r o m o m e t h y l ) - 2 - { [ t r i s ( t r i m e t h y l s i l y l ) s i l y l ] m e t h y l } cyc lopen tane u n d e r w e n t 
rad ica l B r a t o m abst rac t ion to g i ve a p r i m a r y a l k y l rad ica l i n te rmed ia te at the Si a tom. 
The in te rmed ia te a l k y l rad ica ls v i a m^ ramo lecu la r subs t i tu t ion f o r m e d the s i labcyc le 
and p r o d u c e d the t r i m e t h y l s i l y l rad ica l to comp le te the ca ta ly t ic cyc le . T h e reac t ion 
needed o n l y ca ta ly t i c amounts o f (MesSOsSiH f o r the genera t ion o f an i n i t i a l S iMes 
rad ica l w i t h A I B N (Schemes 3.7 and 3.8).43 Y e t i t was n o t c lear that the rad ica l 
subs t i tu t ion at S i center m a y occur at the f r on t or backs ide v i a pentava lent S i 
t rans i t i on state.斗� 
(CH3)2C(CN)N二NC(CH3)2CN + (SiMe3)SiH ^ 'SiMeg 
AIBN 
Br 
C ^ + . 驗 3 ^ ^ C O - e 3 ) 2 
Si(SiMe3)3 88% 





Scheme 3.8 A plausible catalytic cycle of Sh2 reaction at silicon center 
3.1.4 Prerequisites on Sh2 reactions at Carbon Center 
The hemo ly t i c displacement o f a radical Y f r om a saturated carbon by another 
radical X is f requent ly discarded as improbable, but potent ia l ly important and 
interest ing in synthetic organic chemistry (eq 3.9).^^ 
X.+ RCH2Y ^ RCH2X + Y • (3.9) 
Several circumstances should be attained in order to observe S h 2 at carbon 
center. The enthalpy change for eq 3.8 is the di f ference in enthalpies o f dissociat ion o f 
the t w o bonds [i.e. D ( C - Y ) - D ( C - X ) ] , the bond fo rmed must be at least as strong as 
the bond broken. Thus, a weak bond between carbon and group Y is a f i rst 
prerequisite. Moreover , i f the X - Y bond is as strong as the C - Y bond o f the substrate, 
attack is more l i ke ly to occur at Y than at the protected quadrivalent carbon, 
especial ly i f Y is a univalent atom (i.e. H , CI, etc). Therefore, a second prerequisite is 
that the group Y is sterical ly inaccessible by X radical, especial ly at the element 
bonded to carbon. 
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Johnson et al. reported the Sh2 attack at the a-carbon o f benzyl l igands w i t h 
t ransi t ion metal complexes. The bromine atom o f B r C C b was abstracted by 
Co" (dmgH)2py complexes to generate CCI3 radical and then reacted w i t h 
benzylcobalox imes to a f ford ( tr ichloroethyl)benzene as the major product (Scheme 
3.10).45 Moreover， th is displacement reactions have also been observed w i t h other 
t ransi t ion metals speci f ical ly Fe, Rh, I r and Cr.45’46 
BrCCIg + Co"(dmgH)2Py CCI3' + BrCo"'(dmgH)2Py 
CCI3' + ArCH2Co(dmgH)2Py ArCHgCCIa + Co"(dmgH)2Py 
Scheme 3.10 Sh2 reaction at the a-carbon of benzyl ligands 
Wibe rg et al. reported that the free radical addi t ion reactions o f a h igh ly 
strained smal l r i ng b icyc lo [1.1.0] bu tane . ' ' ' A bromide radical underwent a Sh2 
reactions and added to the b icyc lo [1.1.0] butane across the central bond (eq 3.11). 
The Sh2 reaction became feasible due to the f ission o f its central bond leading to a 
greater strain relief.斗？^ 
Br + • ^ ^ B r - O - (3.”） 
3.1.4 Kinetic Studies of CCA between Rh(tmp) and TEMPO 
In order to gain preliminary mechanistic insights into the intimate nature of the 
C C A mechanism between Rh( tmp) and al iphatic ni troxides, attempted kinet ic studies 
were ini t iated in the reaction o f Rh( tmp) w i t h T E M P O in anhydrous benzene. The 
reactions were moni tored by U V - v i s spectroscopy. The typ ica l experimental 
condit ions were [Rh( tmp) ] 二 5.7 x l O ] M and [ T E M P O ] 二 9.0 x lO'^ M , i.e. 
[Rh( tmp) ] in pseudo-first-order c o n d i t i o n s . T h e wavelength scanned ranged f rom 
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4 6 0 t o 7 5 0 n m . T h e change o f abso rbance w a s m o n i t o r e d s p e c i f i c a l l y at 4 9 2 n m 
t h r o u g h o u t 16 h at 6 0 ° C ( F i g . 1). T h e change o f abso rbance as a f u n c t i o n o f t i m e w a s 
p l o t t e d . H o w e v e r , t he da ta c o u l d n o t be f i t t e d w e l l b y a f i r s t a n d s e c o n d o r d e r f l m c t i o n 
( F i g . 2 a n d T h e ra te p r o f i l e s appea red t o b e c o m p l e x a n d t h e r e f o r e , t he k i n e t i c 
s tud ies w e r e d i s c o n t i n u e d . 
6 . 1 0 0 ^ — — — 
^ ^ Absatt = Oh 
- .IW^s att = 16h ‘••‘ “ 
. h 入 / 
(tbs . \ I f l I 
涵 \ -1 - -1 - 1. 
u 
0 - 000 1 1 1——I——I——I 1 1 1 1 1 1 1 1 1 1 ~ I T I 1 I I 1 I I ‘ ‘ 
500.00 550.00 600.00 650.00 700.00 
460.00 750.00 nm 
F i g . 1 W a v e l e n g t h - s c a n spec t ra r e c o r d e d f o r the C C A b e t w e e n R h ( t m p ) 5 a n d 
T E M P O . E x p e r i m e n t a l c o n d i t i o n s : [ R h ( t m p ) 5 ] = 5 .7 x lO '^ M ; [ T E M P O ] 二 9 .0 x 10'^ 
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F i g . 3 A t t e m p t e d second o rder f i t o f the absorbance change at 4 9 2 n m vs t i m e f o r 
r eac t i on b e t w e e n R h ( t m p ) 5 and T E M P O . 
3.2 Stereochemical Test for CCA 
3.2.1 Objective of the Stereochemical Test 
O n e o f the poss ib le consequence o f the reac t i on ope ra t i ng i n S h 2 m e c h a n i s m 
is the s te reochemica l i n v e r s i o n at the ca rbon center l i k e tha t o f an S n 2 reac t ion . * ] 
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Unfor tuna te ly , the appl icat ions o f the classical stereochemical tests to this 
phenomenon have been h indered by the scarci ty o f Sh2 reactions at po tent ia l l y ch i ra l 
centers.42，48 
Hero ic exper iment that i nvo l ved the invers ion o f configuration'^^''^^ fo r the 
react ion o f cyc lopropane carbon had been carr ied out in studies o f b romina t ion o f 1,1-
d ich lo ro -2 ,3 " ra似 -d ideu te rocyc lop ropane (Scheme 3.12)!^^ The r i ng open ing o f 
cyc lopropane by bo th ch lor ine and b romine atoms gave > 9 6 % o f the erythro-product, 
and s imi la r y ie lds o f the thyro-product were obtained f r o m the cw-d ideuter io- isomer . 
Thus, the mechan ism must therefore invo lve invers ion o f carbon centers. 
D 「 D ？ ？ Cl2X 
x O ^ — 一 H/cc,^  
D CI D CI X 、 H ) ⑶ 
L 」 D I 
X = CI, Br erythro > 96% 
Scheme 3.12 Stereochemistry of Sh2 at a cyclopropane carbon 
Strolzenberg et al. reported that transfer o f an a lky l -g roup f r o m an a l ky l 
coba l t ( I I I ) po rphy r in comp lex to a coba l t ( I I ) complex o f a d i f ferent tet rapyrro le 
macrocyc le is facile.^^^ A w i d e rang o f a l ky l groups larger than me thy l group on the 
po rphy r in r i ng cou ld also be exchanged (eq 3.13). Moreover , an Sh2 transfer 
mechanism was suggested for th is exchange reaction.^^ 
Coiii(por)R+ Co"(por) toluene-c/s’ N ,^ r . t 、 。。 " (卩。 ^ ) + co"'(por)R (3.13) 
W h e n Rh( tmp) 5 reacts w i t h a n i t rox ides w h i c h bears a chi ra l substituents R*, 
the fo rmat ion and stereochemistry o f the Rh( tmp)R* becomes fundamenta l ly 
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impor tant (Scheme 3.14). I f the stereochemistry o f the R* on Rh( tmp)R* is inverted 
w i t h respect to the ni t roxides, the reverse o f conf igurat ion w i l l serve a strong evidence 
to support that C C A operates in a Sh2 manner. 
Rh(tmp) + Rh(tmp)R* 
I 
O 
R* = chiral substituents 
Scheme 3.14 CCA between Rh(tmp) 5 and nitroxides with chiral substituents 
A closer examinat ion o f the react ion reveals that three reactive species exist in 
the react ion mix tu re as the react ion progresses, namely Rh( tmp) radical, n i t rox ides 
and Rh( tmp)R* . The change o f stereochemistry on R* group may be caused by the 
C C A between Rh( tmp) radical and ni t roxides. The stereochemical in tegr i ty may be 
var ied by possible self-exchange reactions between Rh( tmp) radical and Rh ( tmp )R 
(eq 3.15). Therefore, experiments were carr ied out to look into the feasib i l i ty , and 
scope o f the self-exchange reactions o f rhod ium porphyr in a lky l and Rh( tmp) as a 
safe guard for fur ther stereochemical experiments in C C A . 
Rh(tmp) + Rh(por)R* Rh(tmp)R* + Rh(por) (3.15) 
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3.2.2 Synthesis of A lky l Rhodium(III) Porphyrins 
A l k y l rhod ium( I I I ) porphyr ins (i.e. Rh(por )R) were synthesized according to 
the l i terature methods (eq For example, Rh( t tp )Bn 14b was synthesized by 
reduct ive methy la t ion o f Rh( t tp )C l (PhCN) in 51% yie ld. Other Rh(por )R could 
be synthesized s imi lar ly . 
1. NaBH4, EtOH, 
N2, 50-60。C’ 1 h , … 、 
R _ P ) I 2 .R .o rRBr .0OC-r . t； R _ P ) R (3.16) 
4a R = CHg, 86% 
4d R = Bn, 50% 
4g R = CHsCHsPh, 75% 
3.2.3 A lky l Exchange Reactions with Rh(por)R 
Rh( tmp) 5 reacted successfully w i t h 1 eq o f Rh(por )R at 110。C under N2 to 
y ie ld corresponding Rh( tmp)R in moderate y ie ld (eq 3.17 and Table 1). The exchange 
reaction showed that the a lky l groups o f the Rh(por)R were transferred to the Rh( tmp) 
radical. The fate o f the Rh(por) radical was not investigated and it m igh t be 
decomposed throughout the work -up process. 
Those entries were obtained in moderate y ie ld and s imi lar rates o f exchange 
reactions were observed. On ly pr imary alkyls were transferred (Entries 1-3, 6-8). The 
fai lure o f secondary alkyls to be transferred (Entries 4 & 5) was l i ke ly due to steric 
hinderance. Electron w i thdrawing porphyr inato alkyls underwent faster reactions (i.e. 
Rh(bocp)R > Rh(t tp)R), presumably due to weaker Rh-C b o n d s . ^ ” * 
4 2 
Rh(tmp) + Rh(por)R 二二^，问2 一 Rh(tmp)R (3.17) 
11 u 。 o 
Ent ry Rh(por )R T i m e (h) Rh ( tmp)R Y i e l d (%) 
1 Rh(t tp)CH3 3 c H 3 35 
14a 
2 Rh(ttp)CH2Ph 9 cH2Ph 34 
14b 
3 RH(TTP)CH,CH,PH 4 3 CH2CH2PH 55 
14c 
4 _ p y P r 48 ,Pr No Reaction 
14d 
5 R h ( t t p )腳 - p e n t y l 4 3 « ^ - p e n t y l N o React ion 
14e 
6 Rh(bocp)CH3 2 CH3 34 
15a 
7 Rh(bocp)CH2Ph 8 CH2Ph 43 
15b 
8 Rh(bocp)CH2CH2 4 CH2CH2Ph 59 
Ph 15c 
% Yield was based on 80% of Rh(tmp) 5 generated through photolysis 
Table 1:Alkyl exchange reactions between Rh(tmp) 5 with Rh(por)R 
Therefore, further-experiments between the reaction o f ster ical ly hindered 
rhod ium porphyr in a lky ls and Rh( tmp) radical need to be carr ied out to ascertain the 
feas ib i l i ty o f the stereochemical pur i ty experiments o f C C A . 
3.3 Summary 
Pre l iminary mechanist ic studies o f the C C A between Rh( tmp) 5 and n i t rox ides 
were carr ied out. The kinet ic studies o f reaction between Rh( tmp) 5 and T E M P O 
suggested neither f i rst nor second order rate law and complex. 
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R h ( t m p ) 5 w a s f o u n d to u n d e r g o a l k y l exchange w i t h R h ( t m p ) R . These se l f -
exchange w i l l be i m p o r t a n t cons idera t ions f o r f u r t he r m e c h a n i s t i c s tudies o f C C A 
espec ia l l y i n the s te reochemica l aspect. 
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Chapter 4 Experimental Section 
General Procedures 
A l l mate r ia l s w e r e ob ta ined f r o m c o m m e r c i a l supp l ie rs and used w i t h o u t 
f u r the r p u r i f i c a t i o n unless o the rw ise spec i f ied. 2,2,6,6-Tetramethyl-pyperidin-1 - o x y l 
( T E M P O ) w a s fu r the r p u r i f i e d b y v a c u u m sub l im ina t i on . 2 ,2 ,4 ,4 -Te t ramethy lpen tan -
3 -one w a s fu r the r p u r i f i e d b y degassing 3 t imes b y f r e e z e - t h a w - p u m p cyc le and 
s tored i n a T e f l o n sc rewhead s toppered f lask . Cyc lopen tanone w a s f r esh l y d i s t i l l ed 
f r o m m o l e c u l a r seieve 4人.Potass ium h y d r i d e was w a s h e d w i t h anhyd rous hexane f o r 
three t imes and t h e n d r i e d b y v a c u u m evapora t ion . Benzene and to luene w e r e d i s t i l l ed 
f r o m s o d i u m unde r N 2 . C h l o r o f o r m was d i s t i l l ed f r o m c a l c i u m c h l o r i d e unde r N 2 . 
H e x a n e w a s f r esh l y d i s t i l l ed f r o m c a l c i u m h y d r i d e unde r N2. T e t r a h y d r o f u r a n ( T H F ) 
was f resh l y d i s t i l l ed f r o m s o d i u m benzophenone k e t y l unde r N 2 . 1 ,2 -D ich lo roe thane 
w a s d i s t i l l ed f r o m c a l c i u m hyd r i de , degassed 3 t imes b y the f r e e z e - t h a w - p u m p cyc le 
and s tored i n a T e f l o n sc rewhead s toppered f lask . B e n z e n e - J ^ w a s v a c u u m d i s t i l l ed 
f r o m sod ium, degassed 3 t imes b y f r eeze - t haw-pump cyc le and s tored i n a T e f l o n 
sc rewhead s toppered f lask . P y r i d i n e was d i s t i l l ed ove r K O H unde r N2. 
T h i n layer ch roma tog raphy was p e r f o r m e d o n M e r c k p recoa ted s i l i ca ge l 60 
F254 p lates. C o l u m n ch roma tog raphy was p e r f o r m e d o n s i l i ca ge l ( 7 0 - 2 3 0 ) o r neu t ra l 
a l u m i n i u m o x i d e ( a c t i v i t y I，70-230 mesh) . 
2,2-Dimethyl-6,6-diphenylpyiTolidin-1 - o x y l ^ 。 Ch lo ro (5 ,10 ,15 ,20 -
te t ra to l y l po rphy r i na to ) (benzon i t r i l e ) r h o d i u m ( I I I ) [ R h ( t t p ) C l ( P h C N ) ] 1 3 , 
( 5 ,10 ,15 ,20 - te t ra to l y l po rphy r i na to )me thy l r h o d i u m ( I I I ) [Rh ( t tp ) C H 3 ] and 
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( 5 ,10 ,15 ,20 - te t ra to l y l po rphy r i na to )neopen ty l r h o d i u m ( I I I ) [ R h ( t t p ) ( « ^ o - p e n t y l ) ] 
w e r e ob ta ined f r o m D r . M . K . Tse. [2 ,3 ,7 ,8 ,12 ,13 ,17 ,18-oc tach lo ro -5 ,10 ,15 ,20-
52 
t e t r a k i s ( p - t e r t - b u t y l p h e n y l ) p o r p h y r i n a t o ] m e t h y l r h o d i u m ( I I I ) [ R h ( b o c p ) C H 3 ] 15a, 
[2，3,7,8，12，13，17，18-octachloro-5，10，15，20-tetrakis(p-tert-
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b u t y l p h e n y l ) p o r p h y r i n a t o ] b e n z y l r h o d i u m ( I I I ) [Rh (bocp ) C H 2 P h ] 15b， 
[ 2 ,3 ,7 ,8 ,12 ,13 ,17 ,18 -oc tach lo ro -5 , l 0 ,15 ,20 - te t rak i s (p - t e r t - bu t y l pheny l )po rphy r i na to ] 
p h e n y l e t h y l r h o d i u m ( I I I ) [ R h ( b o c p ) C H 2 C H 2 P h ] 15c,^^ (5 ,10 ,15 ,20-
t e t r a t o l y l p o r p h y r i n a t o ) i s o p r o p y l r h o d i u m ( I I I ) [Rh( t tp ) ( ,P r ) ] and (5 ,10 ,15 ,20-
t e t r a t o l y l p o r p h y r i n a t o ) p h e n y l e t h y l r h o d i u m ( I I I ) [ R h ( t t p ) C H 2 C H 2 P h ] w e r e 
ob ta ined f r o m D r . K . W . M a k . 
Physical and Analy t ica l Measurement 
I R N M R spectra w e r e reco rded o n a B r u k e r D P X - 3 0 0 ( 3 0 0 M H z ) . C h e m i c a l 
sh i f ts w e r e re fe renced w i t h the res idua l so lvent p ro tons i n C6D6 (5 7.15 p p m ) , CDCI3 
(5 7 .24 p p m ) or w i t h te t ramethy ls i lane (5 0 .00 p p m ) as the i n te rna l standard. ^ H N M R 
spectra w e r e reco rded o n a B r u k e r D P X - 4 0 0 (61 .40 M H z ) . C h e m i c a l sh i f ts w e r e 
re fe renced w i t h the res idua l so lvent p ro tons i n C6D6 (5 7.15 p p m ) as the in te rna l 
standard, l ^ c N M R spectra w e r e reco rded o n a B r u k e r D P X - 3 0 0 (75 .47 M H z ) 
spectrometer . C h e m i c a l sh i f ts we re re fe renced to the res idua l so lven t peak o f C6D6 
(5 128.0 ppm) or CDCI3 (5 77.0 ppm). 
M a s s spectra w e r e recorded o n H e w l e t t Packard 5 9 8 9 B mass spect rometer 
( F A B modes and E . I . modes at 70 e V ) o r a B r u k e r A P E X 47e F T - I C R mass 
spect rometer ( F A B modes and E S I modes) . Fast a t o m b o m b a r d m e n t spectra we re 
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ob ta ined us i ng 3 - n i t r o b e n z y l a l coho l ( N B A ) as the m a t r i x . E lec t rosp ray i o n i z a t i o n 
spectra we re ob ta ined w i t h a so lvent m i x t u r e o f acetone w i t h 3 % o f acet ic ac id. 
Gas ch roma tog raphy was p e r f o r m e d o n a H P G 1 8 0 0 G C D sys tem us i ng a 
H P 5 M S c o l u m n (30 m x 0.25 m m x 0.25 jam)， temperature p r o g r a m m i n g : i n i t i a l 
temperature 100 oc，durat ion 2 m i n . ; i nc remen t rate 20 o c / m i n . ; f i n a l tempera ture 2 8 0 
oC, du ra t i on 15 m i n . 
U V - v i s spectra and k ine t i c measurements we re p e r f o r m e d o n a H i t a c h i U -
3300 spect rophotometer equ ipped w i t h a Nes lab temperature con t ro l l e r R T E - 2 1 0 . The 
temperature was measured w i t h a F l u k e 2 1 7 0 A d ig i t a l t he rmomete r ( ± 0 .1。C) w i t h 
t ype K t he rma l coup le w i r e . 
I R spectra we re ob ta ined o n P e r k i n E l m e r 1600 F T - I R spect rophotometer . 
Samples we re prepared ei ther as neat f i l m o n K B r plates or as a K B r d isk . 
C u r v e F i t t i ngs we re p e r f o r m e d w i t h W i n C u r v e F i t V e r s i o n 1.1. 
P r e p a r a t i o n o f 7 V - B e n z y l p h t h a l i m i d e (6).29 Phahta l ic anhydr ide (29.6 g, 200 m m o l ) 
and benzy lam ine (14 .1 m L , 132 m m o l ) we re r e f l u x e d i n H O A c (240 m L ) f o r 1 h. 
A f t e r c o o l i n g d o w n to r o o m temperature, the reac t ion m i x t u r e was p o u r e d i n to H 2 O 
(〜1.8 L ) . A w h i t e sol ids prec ip i ta ted. The reac t ion m i x t u r e was heated to b o i l u n t i l a 
c lear so lu t i on resu l ted w i t h some w h i t e f loat ings. The reac t ion m i x t u r e was le f t 
s tand ing ove rn igh t at r . t . W h i t e crystals f o r m e d and we re f i l t e red o f f , washed w i t h 
water , a i r d r i ed and f i n a l l y d r i ed over h i g h vacuum. W h i t e needle shape c rys ta l (31.6 
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g，133 m m o l , 1 0 0 % ) w a s obta ined. Rf= 0 .51 (hexane :E .A . = 3 :1 ) ; ^ H N M R (CDCI3) 
6 4 .85 (s，2 H ) , 7 .26-7 .35 ( m , 3 H ) , 7 .42-7 .45 ( m , 2 H)，7.71 (dd , 2 H , J= 3 .1, 5.4 H z ) , 
7 .85 (dd , 2 H , 3.1，5.4 H z ) ; 13c N M R (CDCI3) 5 41 .53 , 123.27, 127.77，128.56, 
128.62，132.03, 133.92, 136.31, 167.97; G C D ( re ten t ion t i m e ) : 12.85 m i n . ; E I M S : m/z 
237. 
Preparation of 2-Benzyl-l, l ,3,3-tetramethylisoindoline (7a).29 A s o l u t i o n o f m e t h y l 
G r i g n a r d reagent , p repared f r o m m e t h y l i od ide (4.8 m L , 60 m m o l ) and m a g n e s i u m 
p o w d e r (1 .52 g，62 .5 m m o l ) i n anhydrous d i e t h y l ether (35 m L ) unde r N 2，w a s 
concent ra ted b y h i g h v a c u u m u n t i l the suspension d i d n o t b o i l at 80 ^C . A so l u t i on o f 6 
(2 .37 g, 10 m m o l ) i n to luene (30 m L ) was added d r o p w i s e l y w i t h s t i r r i ng t h r o u g h a 
cannu la r under N 2 . T h e so lu t i on was concent ra ted to 〜20 m L and heated to gent le r e f l u x 
at 110 o c ove rn igh t . T h e v o l u m e o f the solvents w a s reduced to 〜15 m L . T h e resu l tant 
s l u r r y reac t i on m i x t u r e w a s d i l u t e d w i t h hexane (25 m L ) , f i l t e r e d t h r o u g h ce l i te and 
w a s h e d w i t h hexane ( 3 x 5 m L ) . T h e y e l l o w organ ic f i l t ra te t u r n e d to a p u r p l e suspension 
af ter s tand ing i n a i r f o r 2 h. A f t e r ro ta ry evapora t ion , the p u r p l e c rude p r o d u c t was 
p u r i f i e d b y c h r o m a t o g r a p h y o n a l u m i n a us i ng hexane as the e luent . A f t e r ro ta ry 
evapora t ion , an o i l y p roduc t w a s ob ta ined w h i c h became w h i t e so l ids (1 .05 g, 3.9 m m o l , 
4 0 % ) af ter r e m o v a l o f res idue so lvent under h i g h v a c u u m . Rf = 0 .14 (hexane) ; ^ H N M R 
(CDCI3) 5 1.30 (s, 12 H ) , 3 .99 (s, 2 H ) , 7 .09-7 .16 ( m , 2 H ) , 7 .19 -7 .31 (m，5 H)，7.43-7.48 
( m , 2 H ) ; 13c N M R (CDCI3) 6 28 .99, 46 .83 , 65.78, 121.90, 126.99, 127.35，128.50, 
128.91, 144.04，148.45; G C D ( re ten t ion t ime ) : 9 .96 m i n . ; E I M S : m/z 265 . 
Preparation of 2-Benzyl-l,l,3,3-<//2-tetramethylisoindoline (7b).29 T h e p rocedure was 
the same as the p repara t ion o f 7a except CD3I was used instead. 6 (1 .18g, 5.0 m m o l ) i n 
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t o l uene (15 m L ) w a s reac ted w i t h J ^ - m e t h y l G r i g n a r d reagent w h i c h w a s p repa red f r o m 
J 5 - m e t h y l i o d i d e (1 .9 m L , 3 0 m m o l ) a n d m a g n e s i u m p o w d e r ( 7 5 0 m g，3 1 m m o l ) i n 
anhyd rous d i e t h y l e ther (17 m L ) unde r N 2 to o b t a i n w h i t e so l ids o f 2-benzyl-1，1,3,3 
t e t r a m e t h y l i s o i n d o l i n e 7 b (203 m g , 0.73 m m o l , 15%) . R f = 0 .14 (hexane) ; ^ H N M R 
(CDCI3) 5 1.30 (s，0.20 H , 9 8 % D)，3.99 (s, 2 H ) , 7 .09 -7 .16 (m，2 H ) , 7 . 19 -7 .31 (m，5 H ) , 
7 .43 -7 .48 (m，2 H ) ; 13c N M R (CDCI3) 5 27 .40 ( m ) , 46 .25 , 121.29 , 126.38, 126.73, 
127.89，128.79, 131.96, 143.45，147.86; G C D ( r e t e n t i o n t i m e ) : 9 .98 m i n . ; E I M S : m/z 211. 
Preparation of 2-Benzyl-l, l ,3,3-tetraethylisoindoline (7c).29 T h e p rocedu re w a s the 
same as the p repa ra t i on o f 7a excep t E t I w a s used instead. 6 ( 2 .37g , 10.0 m m o l ) i n 
t o luene (15 m L ) w a s reac ted w i t h e t h y l G r i g n a r d reagent w h i c h w a s p repa red f r o m e t h y l 
i o d i d e (4 .8 m L , 60 m m o l ) and m a g n e s i u m p o w d e r (1 .52 g，62.5 m m o l ) i n anhyd rous 
d i e t h y l ether (35 m L ) unde r N 2 to o b t a i n w h i t e so l ids o f 2 - b e n z y 1-1,1,3,3-
t e t r ae thy l i so i ndo l i ne 7c (1 .27 g , 4 .0 m m o l , 4 0 % ) . R 广 0 .67 (hexane) ; i R N M R (CDCI3) 
5 0 .76 ( t , 12 H , J = 7 .4 H z ) , 1 .46-1.58 ( m , 4 H ) , 1 .85-1 .97 ( m , 4 H ) , 3 .99 (s, 2 H ) , 7 .03-
7 .07 (m，2 H ) , 7 .17 -7 .31 ( m , 5 H)，7.43-7.45 (m，2 H ) ; 13C N M R (CDCI3) 5 9 .57 , 30 .31 , 
46 .70 , 71 .26 , 123.40，125.57, 126.51，127.74, 129.24, 142.38, 144.54 ; G C D ( re ten t i on 
t i m e ) : 11.71 m i n . ; E I M S : m/z 321 . 
Preparation o f 2-Benzyl-l, l,3,3-tetrabenzylisoindoline T h e p rocedure was 
the same as the p repa ra t i on o f 7a except b e n z y l b r o m i d e w a s used instead. 6 (2 .37g , 
10.0 m m o l ) i n to luene (15 m L ) was reacted w i t h e t h y l G r i g n a r d reagent w h i c h w a s 
p repared f r o m e t h y l i od i de (4.8 m L , 60 m m o l ) and m a g n e s i u m p o w d e r (1 .52 g, 62.5 
m m o l ) i n anhyd rous d i e t h y l ether (35 m L ) under N 2 to o b t a i n w h i t e so l ids o f 2 -
benzy l -1 ,1 ,3 ,3 - te t rabenzy l i so indo l i ne 7 d (1 .2 g ， 2 . 1 m m o l , 2 1 % ) . Rf = 0.55 
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( h e x a n e i E A . = 10:1) ; m p 1 9 6 - 1 9 8 。 C ; ^ H N M R (CDCI3) 5 2 .36 ( d ， 4 H , 12 H z ) , 
3 .21 (d , 4 H , J= 15 H z ) , 6.15—6.18 (q，3 H , J= 3.3 H z ) , 6 . 5 8 - 6 . 6 1 ( m 9 H ) , 6 . 9 9 - 7 . 0 2 
(q , 3 H , J = 3.2 H z ) , 7 . 0 6 - 7 . 1 0 (m，13 H ) , 7 . 3 1 - 7 . 3 7 (m，4 H ) , 7.45—7.48 ( m , 3 H ) ; 
13c N M R (CDCI3) 5 46 .80 , 47.42，73.32, 76 .58, 77 .00, 77.42，125.09, 125.52, 125.96， 
127.08, 127.31, 128.28, 130.57, 131.28, 138.69, 141.65, 142.83; C a l c d f o r (〇43只39>0+: 
m / z 569 .3082 ; f o u n d : 569 .3036 . 
Preparat ion of 1,1,3,3-Tetramethylisoindolme (8a)30 2-Benzyl-1,1,3，3-
t e t r a m e t h y l i s o i n d o l i n e 10a ( 550 m g , 2 .1 m m o l ) and 1 0 % P d / C (50 m g ) w e r e suspended 
i n H O A c (10 m L ) i n a 25 m L con i ca l f l ask w i t h a magne t i c s t i r rer bar . T h e w h o l e 
reac t i on f l ask w a s p laced i n a h i g h pressure reactor . T h e h i g h pressure reactor was f i l l e d 
(60 ps i ) and re leased (20 ps i ) w i t h H 2 f o r 3 cyc les and H 2 was f i n a l l y f i l l e d to 60 ps i . T h e 
w h o l e reac t i on m i x t u r e was s t i r red at r . t . f o r 3 h. T h e c rude p r o d u c t w a s t h e n neu t ra l i zed 
w i t h N a O H to p H 9 and ex t rac ted w i t h ether ( 3 x 1 0 m L ) . T h e o rgan ic ex t rac t was then 
d r i e d ove r M g S 0 4 , f i l t e red and ro ta ry evaporated o f f to dryness. T h e c rude o i l y p roduc t 
was p u r i f i e d b y c h r o m a t o g r a p h y o n a short a l u m i n a u s i n g a so lven t m i x t u r e o f 
hexane :E .A . (3 :1 ) as the e luent . A co lor less c rys ta l (286 m g , 1.63 m m o l , 7 8 % ) was 
ob ta ined af ter r o ta ry evapora t ion . R 广 0 .06 ( hexane iE .A . = 3 :1 ) ; ^ H N M R (CDCI3) 5 
1.48 (s, 12 H ) , 2.13 (b r s, 1 H)，7.10-7.15 ( m , 2 H ) , 7 .23-7 .27 ( m , 2 H ) ; 13c N M R (CDCI3) 
5 31.79，63.02, 121.42, 127.17，148.42. 
Preparat ion of l , l ,3,3-^/i2-Tetramethylisoindolme (8b).30 T h e p rocedure was the 
same as the p repara t ion o f 8a. 2 - B e n z y l - 1 , 1 , 3 , 3 - d j 2 - t e t r a m e t h y l i s o i n d o l i n e 7 b (190 m g , 
0 .68 m m o l ) was hyd rogena ted at 60 ps i over 1 0 % P d / C (20 m g ) i n H O A c (4 m L ) to 
ob ta in a co lor less c rys ta l (125 m g , 0.62 m m o l , 9 8 % ) . Rf= 0 .06 (hexane :E .A . 二 3 :1 ) ; ^ H 
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N M R (CDCI3) 5 1.49 (s, 0 .01 H , 9 9 % D)，2.29 (b r s, 1 H ) , 7 .10 -7 .16 (m，2 H ) , 7 .24-7 .33 
(m，2 H ) ; 13c N M R (CDCI3) 5 30 .62 (m)，63.39, 121.40, 127.44，147.58; G C D ( re ten t ion 
t i m e ) : 5 .01 m i n . ; E I M S : m/z 187. 
Preparation of 1,1,3,3-Tetraethylisoindoline (8c).30 T h e p rocedu re w a s the same as the 
p repa ra t i on o f 8a. 2 -Benzy l -1 ,1 ,3 ,3 - t e t rae thy l i so indo l i ne 7c (643 m g , 2 .0 m m o l ) was 
hyd rogena ted at 60 ps i ove r 1 0 % P d / C (50 m g ) i n H O A c (10 m L ) to o b t a i n a y e l l o w 
l i q u i d ( 4 6 0 m g , 1.99 m m o l , 9 9 % ) . Rf= 0 .57 (hexane :E .A . = 3 :1 ) ; i H N M R (CDCI3) 5 
0 .87 ( t , 12 H , J = 7 .2 H z ) , 1 .61-1.79 (m，8 H ) , 7 .05-7 .09 (m，2 H ) ; 7 .18 -7 .22 ( m , 2 H ) ; 
13c N M R (CDCI3) 6 8 .89, 33 .69, 68.41, 122.45, 126.53，147.32. 
Preparation of l, l ,3,3-Tetramethylisoindolin-2-oxyl ( T M I N O ) (9a).30,3l t o the pa le 
y e l l o w so l u t i on o f 1 ,1 ,3 ,3 - te t ramethy l i so indo l ine 8a ( 148 m g , 0 .84 m m o l ) i n 
M e O H i C H s C N (14 :1 ) (2 m L ) , N a H C O s (56 m g , 0 .67 m m o l ) and N a 2 W 0 4 - 2 H 2 0 (8 m g , 
0 .025 m m o l ) w e r e added to a suspension. 3 0 % H 2 O 2 ( - 0 . 3 m L ) w a s t hen added and the 
suspens ion t u r n e d to p i n k i n co lo r . A f t e r 12h, a b r i g h t y e l l o w s o l u t i o n f o r m e d and 3 0 % 
H 2 O 2 ( - 0 . 3 m L ) w a s added. T h e reac t ion m i x t u r e was s t i r red f o r a f u r the r 2 days. T h e 
p roduc t was ex t rac ted f r o m hexane ( 3 x 5 m L ) . T h e o rgan ic layer w a s washed w i t h H 2 O , 
b r ine , d r i ed ove r M g S 0 4 , f i l t e red and ro ta ry evapora ted o f f to dryness to g i v e a y e l l o w 
so l ids (157 m g , 0.83 m m o l , 9 8 % ) . Rf= 0.63 (hexane :E .A . = 3 :1 ) ; G C D ( re ten t ion t ime) : 
6 .51 m i n . ; E I M S : m/z 190. 
Preparation of l,l,3,3-i/72-Tetramethylisomdoliii-2-oxyl (TMINO-CD3) (9b).30,3l 
T h e procedure was the same as the p repara t ion o f 9a. 1 ,1 ,3 ,3-^ /72-Tet ramethy l iso indo l ine 
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8 b ( 1 0 0 m g , 0 .53 m m o l ) w a s o x i d i z e d b y 3 0 % H 2 O 2 ( - 0 . 2 m L x 2 ) c a t a l y z e d b y 
N a 2 W 0 4 - 2 H 2 0 (5 .2 m g , 0 .016 m m o l ) i n the presence o f N a H C O s ( 3 6 m g , 0 .43 m m o l ) i n 
M e O H i C H s C N ( 2 0 : 1 ) (1 .5 m L ) t o o b t a i n a y e l l o w so l ids ( 7 6 m g , 0 .38 m m o l , 7 1 % ) . Rf= 
0.63 ( h e x a n e : E . A . = 3 : 1 ) ; G C D ( r e ten t i on t i m e ) : 6 .44 m i n . ; E I M S : m/z 2 0 2 . 
Preparation of l , l ,3,3-Tetraethylisoindolin-2-oxyl (TEINO) (9c)32 m-CPBA (503 mg, 
2 .92 m m o l ) w a s a d d e d t o the s o l u t i o n o f 1 ,1 ,3 ,3 - t e t rae thy l i so indo l i ne 8c ( 4 5 0 m g , 1.94 
m m o l ) i n CH2CI2 (10 m L ) , T h e s o l u t i o n c h a n g e d t o y e l l o w i n c o l o r i m m e d i a t e l y w i t h 
some suspens ion f o r m e d . T h e y e l l o w suspens ion w a s f i l t e r e d t h r o u g h ce l i te , w a s h e d w i t h 
hexane ( - 1 0 m L ) a n d r o t a r y evapo ra ted o f f t o dryness. A f t e r r o t a r y evapo ra t i on , the 
y e l l o w c rude p r o d u c t w a s t h e n p u r i f i e d b y c h r o m a t o g r a p h y o n s i l i ca g e l u s i n g a so l ven t 
m i x t u r e o f h e x a n e : E . A . ( 9 : 1 ) as the e luent . A y e l l o w so l ids ( 4 2 4 m g , 1.72 m m o l , 8 9 % ) 
w a s o b t a i n e d a f te r r o t a r y evapora t i on . R f = 0 .52 ( h e x a n e i E . A . = 9 :1 ) ; G C D ( re ten t i on 
t i m e ) : 8 .81 m i n . ; E I M S : m/z 246 . 
Preparation of l , l ,3,3-Tetrabenzylisoindolin-2-oxyl (TBINO) (9d).32 ^ -CPBA 
(51 .8 m g , 0 .30 m m o l ) w a s added to the s o l u t i o n o f 2-benzyl-1，1,3,3-
t e t r a b e n z y l i s o i n d o l i n e 7 d ( 1 0 0 m g , 0 .18 m m o l ) i n CH2CI2 ( 1 0 m L ) . T h e reac t i on 
m i x t u r e changed t o y e l l o w i n c o l o r i m m e d i a t e l y w i t h some suspens ion. T h e reac t i on 
m i x t u r e w a s s t i r red at r . t . f o r 4 days a n d m o n i t o r e d b y T L C ana lys is u n t i l the spot tha t 
co r responded t o 7 d w a s c o m p l e t e l y d isappeared. T h e y e l l o w suspens ion w a s w a s h e d 
w i t h hexane (〜5 m L ) a n d t h e n f i l t e r e d t h r o u g h ce l i te . A f t e r r o t a t o r y evapo ra t i on , the 
y e l l o w c rude p r o d u c t w a s p u r i f i e d b y c h r o m a t o g r a p h y o n s i l i ca g e l b y u s i n g a so lven t 
m i x t u r e o f h e x a n e : E . A . ( 10 :1 ) as the e luent . A y e l l o w so l ids (36 m g , 0 .07 m o l , 2 4 % ) 
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w a s o b t a i n e d a f te r r o t a t o r y evapo ra t i on . Rf= 0 .57 ( h e x a n e : E . A . = 10 :1 ) ; m p 1 3 6 - 1 3 6 
。C; C a l c d f o r ( C a e H s i N O ) ^ : m / z 4 9 4 . 2 4 8 4 ; f o u n d : 4 9 4 . 2 4 7 5 . 
Preparation of 2,2,5,5-Tetramethylcyclopentanone (10).35 C y c l o p e n t a n o n e (5 .2 
m L , 59 m m o l ) w a s a d d e d d r o p w i s e t o a suspens ion o f p o t a s s i u m h y d r i d e (8 .9 g，200 
m m o l ) i n T H F ( 2 3 0 m L ) at 0 H y d r o g e n b u b b l e s a n d heat w a s e v o l v e d t h r o u g h o u t 
the a d d i t i o n . T h e s o l u t i o n w a s t h e n c o o l e d d o w n to - 7 8 ° C a n d M e l (13 .5 m L , 2 1 6 
m m o l ) w a s a d d e d d r o p w i s e t o the r e a c t i o n m i x t u r e . M i l k y suspens ion f o r m e d a f te r 
s t i r r i n g at r o o m t e m p e r a t u r e f o r 2 h due t o the f o r m a t i o n o f a n i o n . T h e r e a c t i o n 
m i x t u r e w a s q u e n c h e d a f te r 2 4 h b y a d d i n g w a t e r ( 5 0 m L ) t o d i s s o l v e the a n i o n a n d 
t h e n c lea r pa l e y e l l o w s o l u t i o n w a s observed . T h e c r u d e p r o d u c t w a s ex t r ac ted f r o m 
ether . T h e c lea r y e l l o w o r g a n i c l a y e r w a s w a s h e d w i t h sat. N a C L T h e o r g a n i c ex t rac t 
w a s d r i e d o v e r M g S 0 4， f i l t e r e d a n d r o t a r y e v a p o r a t e d o f f t o d ryness . T h e y e l l o w 
c rude p r o d u c t w a s d i s t i l l e d t o g i v e co lo r less o i l (3 .8 m L , 4 6 m m o l , 7 8 % ) Rf 二 0 .92 
( h e x a n e i E . A . = 5 : 1 ) ; b p 130 - 135。C/0 .005 T o r r ( l i t .^^ 150 - 1 5 7 。 C / 7 6 0 T o r r ) ; i R 
N M R ( C 6 D 6 ) 5 0 .93 (s, 12 H ) , 1.42 (s, 4 H ) ; G C D ( r e t e n t i o n t i m e ) : 4 . 9 8 m i n . ; E I M S : 
m / z 140. 
Preparation of 2,2-Dimethylindand-l,3-dione (11).36 I n d a n e d i o n e (1 .13 g , 7 .7 
m m o l ) a n d t r i e t h y l b e n z y l a m m o n i u m c h l o r i d e (57 .0 mg，0.25 m m o l ) w e r e a d d e d t o a q 
N a O H (0 .6 M , 75 m L ) . A c lear b r o w n s o l u t i o n f o r m e d . CH2CI2 ( 5 0 m L ) w a s t h e n 
added. M e l (1 .7 m L , 2 7 m m o l ) w a s subsequen t l y added v i a a s y r i n g e at 0 ° C a n d the 
s o l u t i o n t u r n e d f r o m b r o w n to r e d i n c o l o r i m m e d i a t e l y . T h e r e a c t i o n m i x t u r e w a s 
s t i r r ed at r o o m tempera tu re f o r 100 h . T h e r e a c t i o n w a s m o n i t o r e d b y T L C ana lys is 
u n t i l t he spot tha t c o r r e s p o n d e d to i n d a n e d i o n e w a s c o m p l e t e l y d isappeared . Pa le 
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y e l l o w i s h - b r o w n so l i ds w e r e o b t a i n e d a f te r r o t a t o r y e v a p o r a t i o n a n d w a s t h e n f u r t h e r 
p u r i f i e d b y r e c r y s t a l l i z a t i o n o v e r hexane at - 7 8 ° C . Pa le y e l l o w i s h - w h i t e need le shape 
so l i ds (0 .3 g , 1.7 m m o l , 2 5 % ) w e r e ob ta ined . Rf= 0 .83 ( h e x a n e i E . A . = 2 : 1 ) ; m p 105-
106 (lit.36 107 -108 o Q ; I H N M R (CDCI3) 5 1.28 (s, 6 H ) , 7.83—7.87 (m，2 H)， 
7 . 9 4 - 7 . 9 8 ( m , 2 H ) ; G C D ( r e t e n t i o n t i m e ) : 7 .77 m i n . ; E I M S : m / z 174. 
Preparation of 2,2,5,5-Tetramethylcyclohexane-l,3-dione (12a).37 5,5-
d i m e t h y l c y c l o p e n t a n e - 1 , 3 - d i o n e (0 .5 g , 3 .6 m m o l ) w a s added t o a s o l u t i o n o f K2CO3 
(3 .7 g , 2 7 m m o l ) i n E t O H / H i O (1 :1 ) (18 m L ) . A m i l k y y e l l o w suspens ion f o r m e d 
a f te r s t i r r i n g at r o o m tempera tu re f o r 2 h due t o the f o r m a t i o n o f an ion . M e l (2 .5 m L , 
4 0 m m o l ) w a s a d d e d subsequen t l y v i a a sy r i nge at 0 ° C a n d the s o l u t i o n t u r n e d t o 
b r o w n i s h y e l l o w i n c o l o r . T h e r e a c t i o n m i x t u r e w a s s t i r r ed at r o o m tempera tu re f o r 
fiirther 2 h a n d t h e n q u e n c h e d b y a d d i n g w a t e r ( 2 0 m L ) t o d i sso l ve the an ion . T h e 
c rude p r o d u c t w a s ex t rac ted w i t h ether. T h e c lear y e l l o w o r g a n i c l aye r w a s w a s h e d 
w i t h sat. N a C l , d r i e d ove r M g S 0 4 , f i l t e r e d a n d r o t a r y evapo ra ted o f f t o d ryness . T h e 
y e l l o w c rude p r o d u c t w a s p u r i f i e d b y c h r o m a t o g r a p h y o n s i l i ca g e l u s i n g a so l ven t 
m i x t u r e o f h e x a n e i E . A . ( 2 : 1 ) as the e luent . W h i t e so l ids (0 .37 g , 2 .2 m m o l , 6 1 % ) 
w e r e o b t a i n e d a f te r r o t a r y e v a p o r a t i o n a n d w a s f u r t h e r p u r i f i e d b y r e c r y s t a l l i z a t i o n 
ove r ether. R f = 0 .60 ( h e x a n e : E . A . = 2 :1 ) ; m p 96 ° C w i t h p r e l i m i n a r y s u b l i m i n a t i o n 
(lit.37 96 -97。C) ; I H N M R (CDCI3) 5 0 .96 (s, 6 H ) , 1.27 (s, 6 H ) , 2 .58 (s, 4 H ) ; G C D 
( re ten t i on t i m e ) : 6 .39 m i n . ; E I M S : m / z 168. 
Preparation of 2,2,-Diethyl-5,5-dimethylcyclohexane-l,3-dione (12b).37b The 
p rocedu re w a s the same as the preparation of 12a excep t E t I w a s u s e d ins tead. 12b 
w a s syn thes ized f r o m 5 , 5 - d i m e t h y l c y c l o p e n t a n e - 1 , 3 - d i o n e (0.5 g，3.6 m m o l ) a n d E t I 
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(3 .2 m L , 4 0 m m o l ) . T h e y e l l o w c rude p r o d u c t w a s p u r i f i e d b y c h r o m a t o g r a p h y o n 
s i l i ca g e l u s i n g a so l ven t m i x t u r e o f h e x a n e : E . A . (2 :1 ) as the e luent . Pa le y e l l o w 
so l ids (0 .12 g，0.61 m m o l , 1 8 % ) w e r e ob ta ined a f ter r o t a r y e v a p o r a t i o n a n d w e r e then 
fu r the r p u r i f i e d b y r ec r ys ta l l i za t i on ove r ether. Rf = 0 .46 ( h e x a n e : E . A . = 2 :1 ) ; m p 56-
57 I H N M R (CDCI3) 5 0 .76 ( t , 6 H ， 7 . 4 H z ) , 0 .97 (s, 6 H ) , 1.75 (q , 4 H , J = 
7 .4 H z ) , 2 .53 (s, 4 H ) ; ^^C N M R (CDCI3) 5 9 .05 , 27 .3 , 28 .5 , 30 .5 , 51 .5 , 69 .2 , 209 .8 ; 
G C D ( re ten t i on t i m e ) : 7 .79 m i n . ; E I M S : m / z 196. 
Preparat ion of 2,2,-Dibenzyl-5,5-dimethylcyclohexane-l,3-dione (12c).37b The 
p rocedu re w a s the same as the p repa ra t i on o f 12a excep t b e n z y l c h l o r i d e w a s used 
instead. 5 , 5 - D i m e t h y l c y c l o p e n t a n e - 1 , 3 - d i o n e (2 .1 g , 15 m m o l ) w a s added to a 
s o l u t i o n o f K2CO3 (4 .0 g , 4 0 m m o l ) i n E t O H / H 〗 。 ( 1 : 1 ) (25 m L ) to g i v e a c lear 
y e l l o w s o l u t i o n w h i c h f o r m e d i n to a y e l l o w suspens ion a f te r s t i r r i n g at r o o m 
tempera tu re f o r 2. B e n z y l ch l o r i de (6 .9 m L , 60 m m o l ) w a s subsequen t l y added v i a a 
sy r inge at 0 ° C a n d the s o l u t i o n t u r n e d to b r o w n i s h y e l l o w i n co l o r . T h e reac t i on 
m i x t u r e w a s heated to gent le r e f l u x at 78 f o r o v e r n i g h t and t h e n q u e n c h e d b y the 
a d d i t i o n o f w a t e r (20 m L ) . T h e c rude p r o d u c t w a s ex t rac ted w i t h ether. T h e c lear 
y e l l o e o rgan ic layer w a s w a s h e d w i t h sat. N a C l，d r i e d ove r M g S 0 4 , f i l t e r e d and 
ro ta r y evapora ted o f f to dryness. T h e b r o w n ge la t inous res idue w a s red i sso l ved i n a 
m i n i m u m a m o u n t o f ether and ro ta ry evapora ted o f f to dryness. T h e c rude b r o w n 
so l ids w e r e t hen fu r the r p u r i f i e d b y rec rys ta l l i za t i on ove r ether. W h i t e p o w d e r (1 .1 g， 
3.4 m m o l , 2 3 % ) w a s obta ined. Rf= 0 .32 (hexane :E .A . = 2 :1 ) ; m p 137-139。C (l i t.�？ 
140-141。C); I H N M R (CDCI3) 5 0.25 (s, 6 H ) , 1.95 (s，4 H ) , 3 .19 (s, 4H)，7.04-7.07 
( m , 4 H ) , 7 . 1 5 - 7 . 2 0 ( m , 6 H ) ; G C D ( re ten t ion t ime ) : 15.00 m i n . ; E I M S : m / z 320. 
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Preparat ion of 5 ,10 ,15 ,20-Tetramesitylporphyrin (Hztmp) (1).25 To a 3 L 3-
n e c k e d r o u n d - b o t t o m e d flask tha t w a s c o n n e c t e d w i t h N 2 i n l e t , a condense r a n d a 
s topper a n d c h a r g e d w i t h CHCI3 ( d i s t i l l e d o v e r C a C h u n d e r N 2 , 1 L ) , 
m e s i t y l a l d e h y d e (1 .5 m L，1 0 m m o l ) a n d p y r r o l e (0 .7 m L , 10 m m o l ) w e r e a f te r added. 
T h e r e a c t i o n m i x t u r e p u r g e d w i t h N 2 f o r 15 min.，boron t r i f l u o r i d e e thera te (0 .5 m L , 
3.3 m m o l ) w a s added. T h e r e a c t i o n m i x t u r e g r a d u a l l y t u r n e d f r o m co lo r l ess t o b r o w n 
i n c o l o r . A f t e r 1 h , c h l o r i n i l (1 .8 g , 7.5 m m o l ) w a s a d d e d a n d the w h o l e r e a c t i o n 
m i x t u r e w a s hea ted to gen t l e r e f l u x f o r 1 h . T h e r e a c t i o n m i x t u r e t u r n e d t o d a r k 
p u r p l e i n c o l o r . S o l v e n t w a s t h e n r e m o v e d b y r o t a r y e v a p o r a t i o n . T h e c rude p r o d u c t 
w a s p u r i f i e d b y c h r o m a t o g r a p h y o n s i l i ca g e l b y CHCI3. T h e f i r s t r e d b a n d w a s 
co l l ec ted . A f t e r r e m o v a l o f s o l v e n t b y r o t a r y e v a p o r a t i o n , p u r p l e c r y s t a l l i n e so l ids 
( 6 0 1 m g , 0 .77 m m o l , 3 1 % ) w e r e o b t a i n e d a f te r r e c r y s t a l l i z a t i o n f r o m C H C l s / M e O H . 
Rf= 0 .6 (hexane:CH2Cl2 = 3 : 2 ) ; i R N M R (CDCI3) 6 -2 .55 ( b r s, 1 H ) , 1.82 (s，24 H ) , 
2 .59 (s, 12 H ) , 7 . 2 4 (s, 8 H ) , 8 .59 (s，8 H ) ; U V - v i s i b l e (CH2CI2 ) , Xmax, n m ( l o g s ) 368 
(4.08), 417 (5.40), 514 (4.02), 547 (3.50)，591 (3.48), 646 (3.27). 
Preparat ion of Chlorodicarbonyl Rhodium(I ) Dimer [Rh(CO)2Cl]2 
R h C l 3 . x H 2 0 (2 .9 g , 11 m m o l ) w a s c h a r g e d i n t o a g lass t ube w h i c h w a s w r a p p e d w i t h 
e lec t r i c hea t w i r e . T h e e n d o f the tube w a s f i t t e d w i t h b u b b l e r i n t he f i i m e h o o d . A 
s l o w s t ream o f C O w a s passed t h r o u g h the hea ted tube at 〜100 ^ C . B r o w n 
R h C l 3 . x H 2 0 d i sappeared g r a d u a l l y a n d w a t e r condensed o n the c o l d f i n g e r . W i t h 
c o n t i n u o u s r e m o v a l o f condensed w a t e r , b r i g h t r e d need le shaped c rys ta ls w e r e 
s u b l i m e d at t w o ends o f the glass tube. A f t e r h e a t i n g 2 days a n d c o o l i n g t o r o o m 
tempera tu re , the b r i g h t r e d need le shaped crys ta ls w e r e s u b l i m e d u n d e r h i g h v a c u u m 
t o g i v e r e d need le shape c r ys ta l [Rh(CO)2Cl]2 (2 .8 g，7.3 m m o l , 66 %). 
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Preparat ion of (5,10,15 ,20-Tetramesitylporphyrmato)iodo Rhod ium( I I I ) 
[ R h ( t m p ) I ] (3).27 T o the suspension o f I ^ t m p 1 (300 m g , 0 .38 m m o l ) and N a O A c 
(250 m g , 3 .02 m m o l ) i n 1 ,2-d ich loroethane (100 m L ) under N 2 , [ R h ( C O ) 2 C l ] 2 2 (207 
m g , 0.53 m m o l ) i n 1 ,2-d ich loroethane (30 m L ) was added d r o p w i s e l y t h r o u g h a 
ca imu lar . T h e suspension was then heated to gent le r e f l u x ove rn igh t . T h e suspension 
tu rned f r o m pu rp l e to b r o w n i n co lo r . I2 (154 m g , 0 .61 m m o l ) was added to the 
reac t ion m i x t u r e at r . t . and the suspension tu rned to da rk b r o w n . T h e reac t ion m i x t u r e 
was then f i l t e red t h r o u g h cel i te , washed w i t h CH2CI2 and the f i l t ra te was ro ta ry 
evapora ted o f f to dryness. T h e residue was then p u r i f i e d b y ch roma tog raphy o n s i l i ca 
ge l us i ng a so lven t m i x t u r e o f hexane :CH2Cl2 (4 :1 ) to hexane :CH2C l2 (3 :2 ) as the 
grad ient eluents. T h e s l o w m o v i n g orange b a n d was co l lec ted and ro ta ry evaporated 
o f f to dryness to g i ve pu rp le sol ids o f R h ( t m p ) I 3 (344 m g , 0 .34 m m o l , 89 % ) . T h e 
p roduc t ob ta ined was fu r ther p u r i f i e d b y rec rys ta l l i za t ion f r o m C H 2 C l 2 / M e O H . Rf= 
0.20 (hexane:CH2Cl2 = 3:2); i R N M R (CDCI3) 5 1.72 (s, 12 H), 2.03 (s, 12 H), 2.60 
(s，12 H ) , 7 .22 (s, 4 H ) , 7.27 (s，4 H ) , 8.60 (s, 8 H ) ; U V - v i s i b l e (CH2CI2) , ？Wax, n m 
( l o g 8 ) 4 1 1 (5 .01) , 5 2 6 ( 4 . 1 3 ) . 
Preparat ion of Porphyr inato Rhod ium( I I I ) Alky ls [Rh(por)R】:27 General 
procedure. The p repara t ion o f ( 5 , 10 ,15 , 2 0 - t e t rames i t y l po rphy r i na to )me thy l 
R h o d i u m ( I I I ) [ R h ( t m p ) C H 3 ] (4a) b y reduc t i ve m e t h y l a t i o n o f R h ( t m p ) I 3 was 
descr ibed as a t y p i c a l examp le f o r the prepara t ion o f po rphy r i na to r h o d i u m ( I I I ) a l k y l 
complexes . 
A red suspension o f 3 (200 m g , 0 .150 m m o l ) i n E t O H (100 m L ) and a so lu t i on o f 
N a B H 4 (28 m g , 0 .74 m m o l ) i n aq N a O H (0.5 M ， 8 m L ) was p u r g e d w i t h N 2 
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separa te ly f o r a b o u t 15 m i n . T h e s o l u t i o n o f N a B H 4 w a s a d d e d s l o w l y t o the 
suspens ion o f 3 v i a a c a n n u l a r i n a p e r i o d o f 3 0 m i n . T h e r e a c t i o n m i x t u r e w a s hea ted 
at 55。C f o r 1 h a n d the c o l o r c h a n g e d t o deep b r o w n i n c o l o r . T h e r e a c t i o n m i x t u r e 
w a s t h e n c o o l e d d o w n t o 0 ° C u n d e r N 2 a n d M e l (0 .4 m L , 6 .4 m m o l ) w a s a d d e d v i a 
sy r i nge . A n o range suspens ion f o r m e d i m m e d i a t e l y . T h e r e a c t i o n m i x t u r e w a s 
w o r k e d u p b y a d d i t i o n w i t h CH2CI2/H2O. T h e c rude p r o d u c t w a s e x t r a c t e d w i t h 
CH2CI2 ( 2 0 0 m L ) , w a s h e d w i t h H 2 O (25 m L x 3 ) , d r i e d o v e r MgS04, f i l t e r e d a n d 
r o t a r y e v a p o r a t e d o f f t o d ryness . A f t e r p u r i f i c a t i o n b y c h r o m a t o g r a p h y o n s i l i ca g e l 
u s i n g a s o l v e n t m i x t u r e o f h e x a n e : C H 2 C l 2 ( 1 0 : 1 ) t o h e x a n e i C H i C h ( 5 : 1 ) as the 
g r a d i e n t e luen ts , o range so l i ds (153 m g , 0 .17 m m o l , 8 6 % ) w e r e o b t a i n e d w h i c h w e r e 
f u r t h e r p u r i f i e d b y r e c r y s t a l l i z a t i o n f r o m C H z C h / h e x a n e . Rf= 0 .57 ( h e x a n e : C H 2 C l 2 
= 5 : 1 ) ; I H N M R (CDCI3) 5 - 5 . 7 6 (d , 3 H , ^ J R h H = 2 n H z ) , 1.75 (s，12 H ) , 1.95 (s，12 
H ) , 2 .59 (s，12 H)，7.22 (s, 4 H ) , 7 .24 (s, 4 H ) , 8 .45 (s, 8 H ) ; ^ H N M R ( C 6 D 6 ) 5 - 5 . 2 6 
(d , 3 H , ^JRhH= 2.7 H z ) , 1.72 (s, 12 H ) , 2 .25 (s，12 H)，2.43 (s, 12 H ) , 7 .07 (s, 4 H ) , 
7 .20 (s, 4 H)，8.75 (s, 8 H ) ; U V - v i s i b l e (CH2CI2)，？Wx, n m ( l o g s ) 4 1 2 (5 .35 ) , 5 2 1 
( 4 . 3 9 ) ; I R ( K B r ) v 721，803, 1000，1444，1729, 2 8 4 6 , 2 9 2 2 cm-1 ; E S I M S : m / z 899 
( IVT), 8 8 4 [ ( M - C H 3 ) + ] . 
Preparat ion of i / j -Methyl-5,10,15,20-tetramesitylporphyrinato Rhod ium( I I I ) 
[Rh( tmp )CD3] (4b).27 4 b w a s synthesized f r o m 3 ( 3 0 m g , 0.030 m m o l ) a n d CD3I 
(0 .05 m L , 0 .79 m m o l ) . T h e c rude o range so l ids w e r e p u r i f i e d b y c h r o m a t o g r a p h y o n 
s i l i ca g e l u s i n g a so l ven t m i x t u r e o f h e x a n e : C H 2 C l 2 ( 1 0 : 1 ) t o h e x a n e : C H 2 C l 2 ( 5 : 1 ) as 
the g rad ien t e luents , o range so l ids ( 2 1 m g , 0 .023 m m o l , 7 8 % ) w e r e o b t a i n e d w h i c h 
w e r e f u r t h e r p u r i f i e d b y r e c r y s t a l l i z a t i o n f r o m C H s C h / h e x a n e . Rf = 0 .41 
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(hexane:CH2Cl2 = 5:1); iR NMR (C6D6) 6 1.72 (s, 12 H), 2.25 (s, 12 H), 2.43 (s, 12 
H ) , 7.07 (s，4 H) , 7.20 (s, 4 H ) , 8.74 (s, 8 H ) ; ^ H N M R (C6H6) 5 -5.35; U V - v i s i b l e 
(CH2CI2),入max, n m ( log 8) 412 (5.95), 521 (4.97); I R ( K B r ) v 790, 1070, 1444, 2101, 
2843，2913 c m - l . E S I M S : m/z 902 (M+) , 884 [(M-CD3)+]; H R M S ( E S I ) : Ca lcd for 
(C57H52D3N4Rh)+: m /z 901.3660; found: 901.3603. 
Preparation of (5,10,15,20-Tetramesitylporphyrinato)ethyl Rhodium(III) 
[Rh(tmp)CH2CH3] (4c). 27 4c was synthesized f r o m 3 (50 mg , 0.049 m m o l ) and E t I 
(0.2 m L , 3.2 m m o l ) . The crude orange solids were pur i f i ed by chromatography on 
s i l ica gel us ing a solvent m ix tu re o f hexane:CH2Cl2 (10:1) to hexane:CH2Cl2 (5:1) as 
the gradient eluents, b rown ish orange sol ids (31 mg, 0.034 m m o l , 69%) were 
obtained w h i c h were further pu r i f i ed by recrysta l l izat ion f r o m C H i C h / h e x a n e . Rf 二 
0.54 (hexane:CH2Cl2 = 5:1); i R N M R (CeDs) 6 -4 .31 (dq, 2 H , ^Jrhh 二 3.0 Hz , 
SJhh = 7.5 Hz) , -3.83 (dt, 3 H , ”匪=1.5 Hz , V 册 = 7 . 5 Hz) , 1.88 (s, 12 H ) , 2.12 
(s, 12 H ) , 2.44 (s, 12 H) , 6.93 (s, 4 H ) , 7.19 (s, 4 H ) , 8.75 (s，8 H ) ; ^ 'C N M R (CsDe) 
5 21.4, 22.1, 22.5, 22.7, 23.6, 30.8, 32.5, 35.5, 120.8, 131.5，138.2, 139.6, 139.9’ 
149.7; U V - v i s i b l e (CH2CI2),入隱 n m ( log s) 414 (4.78), 523 (3.75); H R M S ( E S I ) : 
Ca lcd for (C58H54N4Rh)+: m/z 912.3631; found: 912.3715. 
Preparation of (5,10,15,20-Tetramesitylporphyrinato)benzyl Rhodium(III) 
[Rh( tmp)CH2Ph] (4d).27 4d was synthesized f r o m 3 (50 mg, 0.049 m m o l ) and 
BrCH2Ph (0.2 m L , 1.7 mmo l ) . The crude orange solids were pu r i f i ed by 
chromatography on si l ica gel us ing a solvent m ix tu re o f h e x a n e i C H i C h (10:1) to 
hexane :CH2Cl2 (7 :1 ) as the gradient eluents to give an orange sol ids (31 mg, 0.032 
59 
m m o l , 65%). Rf = 0.53 (hexane:CH2Cl2 = 5:1); i R N M R (CeDs) 5 -3.15 (d, 3 H , 
^ jRhH = 3.6 Hz) , 1.92 (s, 12 H) , 2.05 (s, 12 H) , 2.44 (s, 12 H) , 3.66 (d, 2 H , 7.5 
Hz) , 5.77 (t, 2 H , J = 7.7 Hz) , 6.23 (t, J二 7.5 Hz, 1 H) , 7 .2 l (s , 8 H) , 8.71(s, 8 H ) ; U V -
v is ib le (CH2CI2), ^max, n m ( log s) 426 (4.76), 534 (3.74); ES IMS: m/z 974 (M+). 
Preparation of (5,10,15,20-Tetramesitylporphyrinato)phenylethyl Rhodium(II I ) 
[Rh(tmp)CH2CH2Ph] (4e). 4e was synthesized f r om 3 (50 mg, 0.049 m m o l ) and 
BrCH2CH2Ph (0.2 m L , 1.7 mmo l ) . The crude orange solids were pur i f ied by 
chromatography on si l ica gel using a solvent mix ture o f hexane:CH2Cl2 (10:1) to 
hexane :CH2Cl2 (7 :1) as the gradient eluents to give an orange solids (30 mg, 0.030 
mmo l , 79%). Rf= 0.59 (hexane:CH2Cl2 = 5:1); ^H N M R (CgDs) 5 - 4 . 2 9 (dt, 2 H , 
3Jmi=9.Q Hz), -2.72 (t, 2 H, J= 9.0 Hz), 1.83 (s, 12 H), 2.19 (s, 12 H), 
2.42 (s, 12 H) , 5.12 (d，2 H , J= 7.2 Hz) , 6.23-6.28 (m, 2 H) , 6.33-6.38 (m, 1 H) , 7.07 
(s, 4 H) , 7.19 (s, 4 H) , 8.76 (s, 8 H ) ; ^'C N M R (CgDe, 75.5 Hz ) 5 14.8, 15.2, 21.5, 21.9, 
22.1, 30.2, 35.1, 120.3, 124.9, 126.7, 131.1, 137.7, 138.9, 139.7, 143.2; UV-v i s i b l e 
(CH2CI2), ^max, n m ( log s) 413 (4.20), 523 (3.31); H R M S ( E S I ) : Calcd for 
(C64H6iN4Rh)+: m/z 988.3944; found: 988.3966. 
Preparation of (5,10,15,20-Tetramesitylporphyrinato)chloromethyl 
Rhodium(II I) [Rh(tmp)CH2Cl] (4f). 4f was synthesized f rom 3 (50 mg, 0.049 
m m o l ) and CH2CI2 (10 m L ) . The crude reddish orange solids were pur i f ied by 
chromatography on si l ica gel using a solvent mix ture o f hexane:CH2Cl2 (10:1) to 
hexane:CH2Cl2 (5:1) as the gradient eluents, a reddish orange solids (45 mg, 0.048 
mmo l , 97%) were obtained wh ich were further pur i f ied by recrystal l izat ion over 
CH2Cl2/hexane. Rf= 0.32 (hexane:CH2Cl2 = 3:1); ^H N M R (CeDs) 5 -2.25 (d, 2 H , 
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" 搬 = 3 . 0 Hz), 1.79 (s, 12 H), 2.24 (s, 12 H), 2.44 (s, 12 H), 7.21 (s, 8 H), 8.78 (s，8 
H ) ; 13c N M R (C6D6) 5 14.1, 21.5，21.6, 22.7, 27.2, 27.7, 29.7, 31.6, 119.8, 127.6, 
127.8, 130.8, 137.5, 138.2, 138.8, 139.3, 142.4. UV-v i s i b l e (CH2CI2),入max, n m ( log s) 
414 (5.74)，523 (4.80); H R M S ( E S I ) : Ca lcd for (C64H6iN4Rh)+: m/z 932.3085; found: 
932.3129. 
Preparation of (5,10,15,20-tetramesitylporphyrinato)phenyl Rhodium(III) 
[ R h ( t m p ) P h ] (4g).27 4g was synthesized f r om 3 (30 mg, 0.030 m m o l ) and 
A g C 1 0 4 x H 2 0 (20 mg, 0.096 mmo l ) . The react ion mix tu re was st irred v igorous ly in 
C6H6 (20 m L ) for 1 h at r.t. under N2. B rown i sh orange solids fo rmed were pur i f i ed 
by chromatography using a solvent mix ture o f hexane:CH2Cl2 (10:1) to 
hexane :CH2Cl2 (5 :1 ) as the gradient eluents to give an orange solids (6.7 mg, 0.0070 
m m o l , 23%). Rf 二 0.43 (hexane iCHsCh = 5:1); i R N M R (CeDs) 5 1.69 (s, 12 H) , 
2.20 (s，12 H) , 2.41 (s, 12 H) , 4.30 (t, 1 H , J = 5.8 Hz) , 4.92-4.97 (m, 3 H) , 5.37 (t，1 
H , J = 7.1 Hz) , 7.04 (s, 4 H ) , 7.18 (s, 4 H ) , 8.78 (s, 8 H ) ; UV -v i s i b l e (CH2CI2),入max, 
n m ( log s) 414 (6.36), 522 (5.40); E S I M S : m/z 961 (M+), 884 [ ( M - C e H s ) ^ . 
Preparation of 5,10,15,20-Tetramesitylporphyrinato Rhodium(II) [Rh(tmp)] (5). 
27 Method A: To an NMR tube which connected with a Rotaflow adapter, 
Rh( tmp )CH3 4a (1.0 mg, 0.0011 m m o l ) was charged w i t h C6D6 (0.4 m L ) . C6D6 was 
acted as the internal standard for N M R integration. The clear orange solut ion was 
then degassed by the freeze-pump-thaw method (3 cycles) and the N M R tube was 
f lame-sealed under h igh vacuum. The N M R tube was then irradiated under a 400 W 
Hg- l amp at < 10 o c for 3.5 h. Rh( tmp) was obtained in 〜60o/o. i R N M R (C6D6) 5 
3.50 (br s, 36 H) , 8.87 (br s, 8 H) , 18.53 (br s, 8 H) . Me thod B : T o a Te f lon 
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screwhead stoppered flask, Rh( tmp ) C H 3 4a (10.0 mg, 0.011 m m o l ) was dissolved in 
C6H6 (4.0 m L ) to f o rm a clear orange solution. The reaction mix ture was then 
degassed by the freeze-pump-thaw method (3 cycles) and ref i l led w i t h N2. The 
reaction mix ture was irradiated under a 400 W Hg- lamp at <10 ^C unt i l complete 
Rh( tmp ) C H 3 4a consumpt ion was conf i rmed by T L C analysis (6 - 8 h). 
Reaction between [Rh(tmp)] 5 and l,l,3,3-Tetramethylisoindolin-2-oxyI (TMINO) 
(9a).22 1,1,3,3-Tetramethyl- isoindol in-2-oxyl 12a (4.2 mg, 0.022 m m o l ) was added to a 
benzene solut ion o f [Rh( tmp) ] 5 (10.3 mg, 0.011 mmol ) . The reaction mixture was then 
heated at 70 o c for 4 h under N2 in the absence o f l ight. The crude product was pur i f ied 
by chromatography on si l ica gel using a solvent mix ture o f hexane:CH2Cl2 (10:1) to 
hexane:CH2Cl2 (7:1) as the gradient eluents to give an orange solids o f Rh( tmp ) C H 3 4a 
(5.8 mg, 0.0065 mmo l , 73%) w i t h identical ^H N M R spectrum w i t h that o f an authentic 
sample. Rf= 0.35 (hexane:CH2Cl2 = 5:1). 
Reaction between [Rh(tmp)] 5 and l,l,3,3-</72-Tetramethylisoindoliii-2-oxyl 
(TMINO-CD3) (9b).22 l , l ,3 ,3-J72 -Tetramethyl - iso indol in-2 -oxy l 9b (4.5 mg, 0.022 
m m o l ) was added to a benzene solut ion o f [Rh( tmp)] 5 (9.8 mg, 0.011 mmol ) . The 
reaction mix ture was then heated at 70 ^C for 4 h under N2 in the absence o f l ight. The 
crude product was purified by chromatography on silica gel using a solvent mixture of 
hexane:CH2Cl2 (10:1) to hexane:CH2Cl2 (7:1) as the gradient eluents to give an orange 
solids o f Rh(tmp)CD3 4b (5.3 mg, 0.0059 mmol , 68%) w i t h identical ^H N M R spectrum 
w i t h that o f an authentic sample. Rf= 0.45 (hexane:CH2Cl2 = 5:1). 
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Reaction between [Rh(tmp)] 5 and l,l,3,3-Tetrabenzylisoindolin-2-oxyl (TBINO) 
(9d) . l , l , 3 ,3 -Te t rabeny l - i so indo l in -2 -oxy l 9d (27.2 mg, 0.055 m m o l ) was added to a 
benzene solut ion o f [Rh( tmp) ] 5 and the react ion mix tu re was then heated at 70 for 
4 h under N 2 in the absence o f l ight . The crude product was pur i f i ed by 
chromatography on si l ica gel and us ing a solvent m ix tu re o f hexane:CH2Cl2 (10:1) to 
hexane :CH2Cl2 (7:1) as the gradient eluents to give an orange solids o f R h ( t m p ) B n 4d 
(5.4 mg, 0.0055 m m o l , 63%) w i t h ident ical ^H N M R spectrum w i t h that o f an 
authentic sample. Rf= 0.53 (hexane:CH2Cl2 二 5:1). 
Reaction between [Rh(tmp)] 5 and l,l,3,3-Tetraethylisoindolin-2-oxyl (TEINO) 
(9C).22 i , l , 3 ,3 -Te t rae thy l - i so indo l in -2 -oxy l 9c (13.6 mg, 0.055 m m o l ) was added to a 
benzene solut ion o f [Rh( tmp) ] 5 and the react ion mix ture was then heated at 110 oC 
for 40 h under N 2 in the absence o f l ight . The crude product was pur i f i ed by 
chromatography on si l ica gel us ing a solvent mix tu re o f hexane:CH2Cl2 (10:1) to 
hexane :CH2Cl2 (7:1) as the gradient eluents to g ive an orange solids o f Rh( tmp)E t 4c 
(3.2 mg, 0.0035 mmo l , 40%) w i t h ident ical ^H N M R spectrum w i t h that o f an 
authentic sample. Rf= 0.54 (hexane:CH2Cl2 == 5:1). 
Reaction between [Rh(tmp)] 5 and 2,2-Dimethyl-5,5-diphenylpyrrolidin-l-oxyl 
(DMPN0).22，33 2,2-Dimethyl-5,5-diphenylpyiTolidin-l-oxyl (5.8 mg, 0.022 mmol) 
was added to a benzene solut ion ofRh(tmp)CH3 4a (10.1 mg, 0.011 m m o l ) and the 
react ion mix tu re was then heated at 110 ^C for 46 h under N 2 in the absence o f l ight . 
The crude product was pur i f ied by chromatography on si l ica gel using a solvent 
m ix tu re o f hexane:CH2Cl2 (10:1) to hexane iCHzCh (7:1) as the gradient eluents to 
give an orange solids o f Rh ( tmp ) C H 3 4a (6.8 mg, 0.0076 m m o l , 86%) w i t h ident ical 
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1h N M R spectrum w i t h that o f an authentic sample. Rf= 0.57 (hexaneiCHsCls = 5:1). 
Y e l l o w solids o f 2 ,2-d imethy l -5 ,5-d ipheny lpyr ro l id in-1 -oxy l (2.7 m g , 〜 1 equiv.) was 
obtained after rotary evaporat ion o f the second colorless band. Rf = 0.74 
(hexane:E.A. = 3:1). A colorless solids were obtained as the th i rd band and further 
ident i f ied by spectroscopic characterization to be 2-methy l -2 ,5-d ipheny l -2 i / -pyr ro Ie-
1-oxide. Rf= 0.34 (hexaneiE.A. = 3:1); i R N M R (CDCI3) 5 1.92 (s, 3 H)，6.72 (d, 1 
H , 6.7 H z ), 7.01 (d, 1 H , 6.7 Hz) , 7.31-7.35 (m, 5 H) , 7.45-7.47 (m, 3 H) , 
8.39-8.42 (m, 2 H ) ; G C D (retention t ime) : 12.88 min . ; E I M S : m/z 118. 
Reaction between [Rh(tmp)] 5 and 2,2,6,6-Tetramethyl-pyperidin-l-oxyl 
( T E M P O ) . 2 2 2,2,6,6-Tetramethyl-pyper id in-1 -oxy l (3.4 mg, 0.022 m m o l ) was added 
to a benzene solut ion o f [Rh( tmp) ] 5. The reaction mix ture was then heated at 70 oc 
for 4 h under N2 in the absence o f l ight. The crude product was pur i f ied by 
chromatography on si l ica gel using a solvent mix ture o f hexane:CH2Cl2 (10:1) to 
hexane:CH2Cl2 (7:1) as the gradient eluents to give an orange solids o f Rh( tmp )CH3 
4a (6.8 mg, 0.0076 mmo l , 86%) w i t h identical ^H N M R spectrum w i t h that o f an 
authentic sample. Rf= 0.57 (hexane:CH2Cl2 = 5:1). 
Reaction between [Rh(tmp)] 5 and Di-,汉广butyl nitroxides (DBNO). D\-tert-h\xty\ 
ni t roxides (9.5 ^iL，0.055 m m o l ) was added to a benzene solut ion o f [Rh( tmp) ] 5 and 
the reaction mix ture was then heated at 70 oC for 3 h under N2 in the absence o f l ight. 
The crude product was pur i f ied by chromatography on si l ica gel using a solvent 
mix ture o f hexanezCHsCb (10:1) to hexanerCHsCb (7:1) as the gradient eluents to 
give an orange solids o f Rh( tmp ) C H 3 4a (5.6 mg, 0.0062 mmo l , 7 1 % ) w i t h identical 
1h N M R spectrum w i t h that o f an authentic sample. Rf= 0.57 (hexane:CH2Cl2 = 5:1). 
64 
Reaction between [Rh(tmp)] 5 and 2,2,4,4-Tetramethylpentan-3-one. 2,2,4,4-
Tetramethylpentan-3-one (9.6 |liL, 0.056 mmol) was added via a micro-syringe to a 
benzene solut ion o f [Rh( tmp) ] 5 and the reaction mixture was then heated at 110 oC 
for 48 h under N2 in the absence o f l ight. The crude product was pur i f ied by 
chromatography on si l ica gel using a solvent mixture o f hexane:CH2Cl2 (10:1) to 
h e x a n e i C H i C h (7:1) as the gradient eluents to give an orange solids o f Rh( tmp)CH3 
4a (2.5 mg, 0.0028 mmol , 31%) w i t h identical ^H N M R spectrum w i t h that o f an 
authentic sample. Rf= 0.57 (hexane :CH2Cl2 = 5:1). The solut ion o f 5 prepared as 
described in Method A w i t h addit ion o f 2,2,4,4-Tetramethylpentan-3-one (0.9 ^iL, 
0.005 mmol ) . The reaction mixture was then heated at 110 ^C under N2 in the absence 
o f l ight in the f lame sealed N M R tube. The reaction was moni tored by ^H N M R at 1 h 
interval and used CeDe as the internal standard for N M R integration. A doublet was 
observed at - 5 . 2 7 ppm after 1 h wh i ch corresponded to the format ion o f Rh(tmp)CH3. 
( N M R yie ld: 19%) The total reaction t ime was 3 h. 
Reac t ion between [Rh(tmp)] 5 and 2,2,5,5-Tetramethylcyclopentanone (10》 
2,2,5,5-Tetramethylcyclopentanone 10 (7.8 |uL, 0.055 mmo l ) was added to a benzene 
solut ion o f [Rh( tmp) ] 5 and the reaction mixture was then heated at 110 ^C for 69 h 
under N2 in the absence o f l ight. Solvent was then removed by rotary evaporation and 
by T L C analysis, only very small amount o f Rh(tmp)CH3 4a (< 5%) was found in the 
crude mix ture on the ^H N M R spectrum. 
Reaction between [Rh(tmp)] 5 and 2,2-Dimethylindan-l,3-dione (11). 2,2-
d i m e t h y l i n d a n - l , 3 -d ione 11 (10.4 mg, 0.06 mmo l ) was added to a benzene solut ion o f 
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[Rh ( tmp) ] 5 and the react ion mix tu re was then heated at 110 ^C for 51 h under N2 in 
the absence o f l ight . Solvent was then removed by rotary evaporat ion. M a i n l y 
Rh ( tmp ) C H 2 C l 4e was observed on crude i H N M R spectrum as a result o f the 
residual CH2CI2 f r o m solvent o f recrysta l l izat ion and Rh( tmp) 5. 
Reaction between [Rh(tmp)] 5 and 2,2,5,5-Tetramethylcyclopentane-l,3-dione 
(12a). 2,2,5,5-tetramethylcyclopentane-l,3-dione 12a (9.3 mg, 0.055 mmol) was 
added to a benzene solut ion o f [Rh( tmp) ] 5 and the react ion mix tu re was then heated 
at 110 o c for 96 h under N2 in the absence o f l ight. Solvent was then removed by 
rotary evaporat ion. M a i n l y Rh( tmp ) C H 2 C l 4e was observed on crude ^H N M R 
spectrum as a result o f the residual CH2CI2 f r om solvent o f recrystal l izat ion and 
Rh( tmp) 5. 
Reaction between [Rh(tmp)] 5 and 2,2-DiethyI-5,5-dimethylcyclopeiitane-l,3-
dione (12b). 2,2-Diethyl-5,5-dimethylcyclopentane-l,3-dione 12b (10.8 mg, 0.055 
m m o l ) was added to a benzene solut ion o f [Rh( tmp) ] 5 and the react ion mix tu re was 
then heated at 110 ^C for 62 h under N2 in the absence o f l ight . Solvent was then 
removed by rotary evaporation. On l y Rh( tmp ) C H 2 C l 4e was observed on crude ^H 
N M R spectrum as a result o f the residual CH2CI2 f r om solvent o f recrystal l izat ion and 
Rh( tmp) 5. 
Reaction between [Rh(tmp)] 5 and 2,2-Dibenzyl-5,5-dimethylcyclopentane-l,3-
dione (12c). 2,2-Dibenzyl-5,5-dimethylcyclopentane-l,3-dione 12c (17.6 mg, 0.055 
m m o l ) was added to the solut ion o f [Rh( tmp) ] 5 and the reaction mix ture was then 
heated at 110 ^C for 86 h under N2 in the absence o f l ight. Solvent was then removed 
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by rotary evaporation. M a i n l y Rh( tmp )CH2Cl 4e was observed on crude ^H N M R 
spectrum as a result o f the residual CH2CI2 f rom solvent o f recrystal l izat ion and 
Rh( tmp) 5. 
Control experiment of the reaction of [Rh(tmp)] 5 with benzene. A benzene 
solut ion o f [Rh( tmp) ] 5 was heated at 70 ^C for 18 h under N2 in the absence o f l ight 
w i thou t adding any substrate. N o observable change by T L C analysis. The reaction 
mix ture was then heated to 110 oC for 48 h under N2. N o Rh(tmp)Ph 4 f was found by 
T L C anaylsis. The reaction mixture was then heated to 140 ^C for 2 days. A l so no 
Rh( tmp)Ph 4 f was found by T L C anaylsis. Iodine (2.8 mg, 0.011 mmo l ) was added to 
the reaction mixture and Rh( tmp) I 3 was observed immediately by T L C analysis. The 
crude product was pur i f ied by chromatography on si l ica gel using a solvent mixture o f 
hexane:CH2Cl2 (4:1) to hexane:CH2Cl2 (3:2) as the gradient eluents to give purple 
solids o f R h ( t m p ) I 3 (6.9 mg, 0.0068 mmo l , 78%). 
Preparation of (5,10,15,20-Tetratolylporphyrinato)benzyl Rhodium(II I) 
Rh(t tp)CH2Ph (14b).5l,53 14b was synthesized f rom Chloro(5,10,15,20-
tetratolylporphyrinato)(benzonitr i le) rhod ium( I I I ) [Rh( t tp)Cl (PhCN)] (13) (85 mg, 
0.10 mmo l ) and BrCH2Ph (0.4 m L , 3.4 mmol ) . The crude orange solids were 
pur i f ied by chromatography on sil ica gel using a solvent mixture o f h e x a n e i C H i C h 
(10:1) to hexane:CH2Cl2 (5:1) as the gradient eluents, a red solids (48 mg, 0.051 
mmol , 51%) were obtained wh ich were further pur i f ied by recrystal l izat ion f rom 
C H s C h / M e O H . Rf= 0.20 (hexane:CH2Cl2 = 5:1); i H N M R (CeDs, 300 M H z ) 6 -
3.15 (d，3 H, 灿 / 3 . 6 Hz), 1.92 (s, 12 H) , 2.05 (s, 12 H) , 2.44 (s, 12 H) , 3.66 (d, 2 
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H , J= 7.5 Hz) , 5.77 (t，2 H , J= 7.7 Hz) , 6.23 (t, 1 H , J= 7.5 Hz) , 7 .2 l (s , 8 H ) , 8.71(s, 
8H). 
Reaction between [Rh(tmp)] 5 and Rh(ttp)CH3 (14a). Rh( t tp)CH3 14a (10 mg, 
0.011 m m o l ) was added to a benzene solut ion o f [Rh( tmp) ] 5 and the react ion m ix tu re 
was then heated at 110 ^C for 3 h under N2 in the absence o f l ight . The crude product 
was pur i f i ed by chromatography on si l ica gel using a solvent m ix tu re o f 
hexane:CH2Cl2 (10:1) to hexane:CH2Cl2 (7:1) as the gradient eluents to g ive an 
orange solids o f R h ( t m p ) C H 3 4a (2.8 mg, 0.0031 m m o l , 35%) w i t h ident ical ^H N M R 
spectrum w i t h that o f an authentic sample. Rf= 0.57 (hexane:CH2Cl2 二 5:1). 
Reaction between [Rh(tmp)] 5 and Rh(ttp)CH2Ph (14b). Rh(ttp)CH2Ph 14b (11 
mg, 0.011 m m o l ) was added to a benzene solut ion o f [Rh( tmp) ] 5 and the react ion 
m ix tu re was then heated at 110 o c for 6 h under N2 in the absence o f l ight . The crude 
product was pur i f i ed by chromatography on si l ica gel using a solvent m ix tu re o f 
hexane:CH2Cl2 (10:1) to h e x a n e i C H i C h (7:1) as the gradient eluents to give an 
orange solids o f Rh ( tmp )Bn 4d (3.0 mg, 0.0031 mmo l , 34%) w i t h ident ical N M R 
spectrum w i t h that o f an authentic sample. Rf= 0.59 (hexane :CH2Cl2 = 5:1). 
Reaction between [Rh(tmp)] 5 and Rh(ttp)CH2CH2Ph (14c) Rh(ttp)CH2CH2Ph 
14c (11 mg, 0.011 m m o l ) was added to a benzene solution o f [Rh(tmp)] 5 and the 
react ion mix tu re was then heated at 110 ^C for 4.5 h under N2 in the absence o f l ight. 
The crude product was pur i f ied by chromatography on si l ica gel using a solvent 
mix tu re o f hexane:CH2Cl2 (10:1) to hexane:CH2Cl2 (7:1) as the gradient eluents to 
give an orange solids o f Rh(tmp)CH2CH2Ph 4g (4.8 mg, 0.0049 mmo l , 55%) w i t h 
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ident ical ^H N M R spectrum w i t h that o f an authentic sample. Rf = 0.53 
(hexane:CH2Cl2 = 5:l). 
Reaction between [Rh(tmp)] 5 and Rh(ttp)CH(CH3)2 (14d). Rh(ttp)CH(CH3)2 14d 
(10 mg, 0.011 m m o l ) was added to a benzene solut ion o f [Rh( tmp) ] 5 and the react ion 
m ix tu re was heated at 110 ^C for 48 h under N2 in the absence o f l ight . N o new spot 
was observed on the T L C except a spot w h i c h corresponded to the start ing mater ia l . 
Reaction between [Rh(tmp)] 5 and Rh(ttp)CH2C(CH3)3(14e). Rh(ttp)CH2C(CH3)3 
14e (11 mg, 0.011 m m o l ) was added to a benzene solution o f [Rh( tmp) ] 5 and the 
react ion mix tu re was then heated at 110 ^C for 48 h under N2 in the absence o f l ight. 
N o new spot was observed on the T L C except a spot w h i c h corresponded to the 
start ing mater ia l . 
Reaction between [Rh(tmp)] 5 and Rh(bocp)CH3 (15a). Rh(bocp)CH3 15a (14 mg, 
0.011 m m o l ) was added to a benzene solut ion o f [Rh( tmp) ] 5 and the react ion mix tu re 
was heated at 110 ^C for 2 h under N2 in the absence o f l ight . The crude product was 
pur i f i ed by chromatography on si l ica gel us ing hexane:CH2Cl2 (10:1) to 
hexane:CH2Cl2 (5:1) as the gradient eluents to give an orange solids Rh(tmp)CH3 4a 
(2.8 mg, 0.0031 mmo l , 34%) w i t h ident ical ^H N M R spectrum w i t h that o f an 
authentic sample. Rf= 0.57 (hexane:CH2Cl2 = 5:1). 
Reaction between [Rh(tmp)] 5 and Rh(bocp)CH2Ph (15b). Rh(bocp)CH2Ph 15b 
(14 mg, 0.011 m m o l ) was added to a benzene solut ion o f [Rh( tmp) ] 5 and the react ion 
mix ture was then heated at 110 ^C for 8 h under N2 in the absence o f l ight . The crude 
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product was pur i f i ed by chromatography on si l ica gel us ing a solvent m ix tu re 
hexane:CH2Cl2 (10:1) to hexane :CH2Ch (7:1) as the gradient eluents to g ive an 
orange solids o f R h ( t m p ) B n 4d (3.7 mg, 0.0038 m m o l , 43%) w i t h ident ical ^H N M R 
spectrum w i t h that o f an authentic sample. Rf= 0.59 (hexane:CH2Cl2 = 5:1). 
Reaction between [Rh(tmp)] 5 and Rh(bocp)CH2CH2Ph (15c). 
Rh(bocp)CH2CH2Ph 12c (11 mg, 0.011 m m o l ) was added to a benzene solut ion o f 
[Rh ( tmp) ] 5 and the react ion mix tu re was then heated at 110 ^C for 4.5 h under N2 in 
the absence o f l ight . The crude product was pur i f ied by chromatography on si l ica gel 
us ing a solvent m ix tu re o f h e x a n e i C H ^ C h (10:1) to hexane:CH2Cl2 (7:1) as the 
gradient eluents to give an orange solids Rh( tmp)CH2CH2Ph 4g (5.1 mg, 0.0052 
m m o l , 59%) w i t h ident ical ^H N M R spectrum w i t h that o f an authentic sample. Rf 二 
0.53 (hexane:CH2Cl2 = 5:l). 
Attempted Kinetic Studies of the reaction between [Rh(tmp)] 5 wi th Nitroxides. 
The k inet ic measurements were carr ied out on a U V - v i s spectrometer equipped w i t h a 
temperature control ler . The temperatures o f the solut ion was measured by a thermal 
couple w i re placed in a d u m m y U V cel l and the cel l was filled w i t h benzene and 
placed inside the sample compartment. Benzene was freshly d is t i l led over sodium 
under N2. Stock solutions o f 5 in benzene (〜2.8 x 10'^ M ) and T E M P O in benzene (〜 
3.6 X lO' i M ) were prepared. The solutions were degassed for three f reeze-thaw-pump 
cycles and re f i l led w i t h N2. Reactants were transferred to an Schlenk type U V -
cuvette. The progress o f the react ion between 5 w i t h ni t roxides was moni tored 
spectrophotometr ical ly at 492 n m and 585 n m at 60 oc . General ly a tenfo ld excess o f 
n i t roxides were used in order to establish pseudo-f irst-order condit ions. Reactions 
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were f o l l owed for at least 3 hal f - l ives. The curves were f i t ted by the W inCurveF i t 
vers ion 1.1 program. 
Coordination between [Rh(tmp)] 5 a n d Triphenylphosphine. The coord inat ion 
between [Rh( tmp) ] 5 and t r iphenylphosphine was shown by the change o f U V - v i s 
spectrum. The coord inat ion was carr ied out at r.t. Benzene was f reshly d is t i l led over 
sod ium under N2 and t r ipheylphosphine was used w i thou t pr ior pu i f ica t ion. Stock 
solut ions o f 5 in benzene ( - 2 . 8 x 10'^ M ) and t r iphenylphosphine in benzene ( - 1 . 2 5 x 
10-2 M ) were prepared. The solut ions were degassed for three f reeze- thaw-pump 
cycles and re f i l led w i t h N2. The stock solut ion o f 5 (9.0 \xL) was transferred to an 
Schlenk type UV-cuve t te w i t h a gastight m ic ro syringe under N2. Tr ipheny lphosphine 
solut ions (2.0 | l iL) was added to the sample solut ion to obtain the estimated 
absorbance for the Rh(tmp)-PPh3 complex. The total vo lumes o f solut ions in the 
Schlenk type UV-cuve t te were about 3.8 m L . The U V spectra were scanned at 300 
n m / m i n between 350 and 750 nm. 
Coordination between Rh(tmp) 5 and Pyridine. The coordinat ion between 
[Rh( tmp) ] 5 and Py was also shown by the change o f U V - v i s spectrum. The 
measurements were also carr ied out at r.t. and fo l l owed the same procedure as that 
w i t h t r iphenylphosphine. Pyr id ine was d ist i l led over K O H under N2. The 
concentrations o f the stock pyr id ine solutions used were about 1.0 x 10'^ M . The stock 
solut ion o f 5 (9.0 juL) was transferred to an Schlenk type UV-cuve t te w i t h a gastight 
m ic ro syringe under N2. Pyr id ine solut ion (2.5 ^iL) was added to the sample solut ion. 
The tota l vo lumes o f solutions in the schlenk type UV-cuvet te were about 3.8 m L . 
The U V spectra were scanned at 300 n m / m i n between 350 and 750 nm. 
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Reaction between [Rh(tmp)] 5 and l,l,3,3-Tetraethylisoindolin-2-oxyl (TEINO) 
(9c) w i t h adding PPha. Tr ipheny lphosphine solutions (0.1 m L , 0.011 m m o l ) was 
added to the solut ion o f [Rh( tmp) ] 5 at r.t. l , l , 3 ,3 -Te t rae thy l - i so indo l in -2 -oxy l 9c 
(13.6 mg , 0.055 m m o l ) was then added to the adduct solut ion and heated at 110 ^C 
for 3 h under N2 in the absence of light. The crude product was purified by 
chromatography on si l ica gel us ing a solvent mix ture o f hexane:CH2Cl2 (10:1) to 
hexane :CH2Cl2 (7:1) as the gradient eluents to give an orange solids o f R h ( t m p ) E t 4c 
(5.7 mg, 0.0062 m m o l , 70%) w i t h ident ical ^H N M R spectrum w i t h that o f an 
authentic sample. Rf 二 0.54 (hexane:CH2Cl2 = 5:1). 
Reaction between [Rh(tmp)] 5 and 2,2-Dimethyl-5,5-diphenylpyrrolidin-l-oxyl 
( D M P N O ) with adding PPha.^^ Tr iphenylphosphine solut ions (0.1 m L , 0.011 
m m o l ) was added to the solut ion o f [Rh( tmp) ] 5 at r.t. 2 ,2 -D imethy l -5 ,5-
d i p h e n y l p y r r o l i d i n - l - o x y l (5.8 mg, 0.022 m m o l ) was then added to the adduct 
solut ion and heated at 110 oC for 18 h under N2 in the absence o f l ight . The crude 
product was pur i f i ed by chromatography on si l ica gel using a solvent m ix tu re o f 
hexane:CH2Cl2 (10:1) to hexane:CH2Cl2 (7:1) as the gradient eluents to g ive an 
orange solids o f Rh( tmp )CH3 4a (7.4 mg, 0.0083 m m o l , 94%) w i t h ident ical ^H N M R 
spectrum w i t h that o f an authentic sample. Rf= 0.57 ( h e x a n e i C H i C h = 5:1). 
Reaction between [Rh(tmp)] 5 and 2,2-Dimethyl-6,6-diphenylpyrrolidin-l-oxyl 
(DMPNO') wi th adding PPha^^c Tr iphenylphosphine solutions (0.1 m L , 0.011 
m m o l ) was added to the solut ion o f [Rh( tmp) ] 5 at r.t. 2 ,2-D imethy l -6 ,6-
d ipheny lpyr ro l id in -1 - oxy l (3.0 mg, 0.011 m m o l ) was then added to the adduct 
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solut ion and heated at 110 ^C for 8 h under N2 in the absence o f l ight. The crude 
product was pur i f ied by chromatography on si l ica gel using a solvent mix tu re o f 
hexane:CH2Cl2 (10:1) to hexane:CH2Cl2 (7:1) as the gradient eluents to give an 
orange solids o f Rh ( tmp ) C H 3 4a (4.2 mg, 0.0047 mmo l , 53%) w i t h ident ical ^H N M R 
spectrum w i t h that o f an authentic sample. Rf 二 0.57 (hexane:CH2Cl2 二 5:1). 
Control experiment between [Rh(tmp)] 5 and PPhs. Triphenylphosphine solutions 
(0.1 m L , 0.011 m m o l ) was added to the solut ion o f [Rh( tmp) ] 5 at r.t. and the reaction 
mix tu re turned f r o m dark red to clear red in color. The reaction mix ture then heated 
up to 110。C for 3 days. The reaction was moni tored by T L C analysis and shown that 
the PPhs was disappeared after 1 h at 110 °C. N o new spot was observed on the T L C 
dur ing these 3 days except the Rh( tmp)CH2CL The presence o f (PPh3)Rh(tmp) could 
not be shown by T L C analysis. 
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Conclusion 
The rhodium(II) radical of we仍-tetramesitylporphyrin (tmp) was 
synthesized i n good y ie lds by a m o d i f i e d m e t h o d o f photo lys is o f R h ( t m p ) M e 
unde r anaerob ic cond i t ions at l ow t e m p e r a t u r e . Several n i t r ox ides and ketones 
were synthesized and the i r c a r b o n - c a r b o n bond ac t i va t ion ( C C A ) by R h ( t m p ) 
r a d i c a l was a t tempted . A nove l / 臉 m o l e c u l a r ac t i va t ion o f a l ipha t i c , u n s t r a i n e d 
c a r b o n - c a r b o n bonds o f n i t rox ides ( T M I N O , T M I N O - C D 3 , T B I N O , T E I N O , 
D M P N O , T E M P O and D B N O ) and ketones us ing R h ( t m p ) was d iscovered f o r 
the f i r s t t ime . PPhs added to R h ( t m p ) enhanced the rate and y ie ld o f C C A o f 
ni t roxides. 
Since C C A was p roposed to operate in a Sh2 reac t ion p a t h w a y , 
p r e l i m i n a r y mechan is t i c studies o f the ac t i va t ion o f n i t rox ides were thus c a r r i e d 
out . P r e l i m i n a r y k ine t i c studies o f the C C A between R h ( t m p ) and T E M P O were 
m o n i t o r e d by U V - v i s spectroscopy bu t the absorbance cou ld not be f i t t ed by 
either a ” t or order funct ion. 
The exchange react ions between R h ( t m p ) rad ica l and R h ( p o r ) R were 
observed and good y ie lds o f R h ( t m p ) R we re obta ined. Th i s exchange has a 
strong bearing on the stereochemical aspect o f the Sh2 reaction pathway o f C C A . 
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